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Preface

A word of explanation is in order for the reader about

to embark upon pursuing the contents herein. The reader
will discover a loose collection of essays dealing with what
ts commonly called "Administrative Data Processing.” The

collection has resulted from the oft expressed desire to
bring together the management of the College or University
to discuss the ways, means and idosyncracies of computer-
aided institutional management.

When the opportunity presented itself to conduct a
series of professional development seminars dealing with the
computer and administration in higher education, we drew
upon a stock of previous articles and position papers to
construct the nucleus of this present work. We both are
products of the computer revolution. We have studied,
taught and managed educational computing for the entirety
of our professional carecers. Our viewpoints have been
shaped not only by our management experiences (primarilv
in larger institutional settings) but also by our classroom
challenges.

We have not attempted to produce a "how %" manual,
but rather to cast a host of technological questions in a
management perspective. Neither of us feels there is a
“"ricrht way" to conduct administrative data processing, only
tl there is "a way that best compliments and enhances
the distinctive management style of a given institution at a
particular time in its development. Because institutional
administration is dynamic, it is useful, perhaps necessary,
to be aware of the range of hardware, development, organi-
zation, etc. options for administrative computing.
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We wish to acknowledge the financial assistance of the
LBM Corporation in providing the support to CAUSE for the
initial distribution of this work. We need also to acknow-
ledge the careful criticism of the style of this work by Julia
A. Rudy of CAUSE and the thoughtful construction of the
figures by Fred W. Lacerda. The text and figures were
produced Ly the authors using APL and SCRIPT as part of
a test documentation system currently under development.
Any errors in the fin:shed work are solely of our own con-
struction.

V. Chachra

R. C. Heterick

Blacksbury, Virginia
January 1982
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About CAUSE

CAUSE, the Professional Association for Development, Use,
and Management of Information Systems in Higher (duca-
tion, helps member institutions strengthen their management
capabilities through improved informaiion systems

. CAUSE provides member institutions with many services to

increase the effectiveness of their administrative information

systems. These services include: the Exchange Library,
which is a clearinghouse for non-proprietary information
and systems contributed by members; an information

Request Service to locate specific systems or information;
consulting services to review AIS organization and manage-
ment plans; organizational publications including a bi-
monthly newsletter, a bi-monthly professional magazine and
the CAUSE Monographs; and the CAUSE National Confer-
ence.

Additional details on the CAUSE organization and activities
may be obtained from the CAUSE National Office in Boulder,
Colorado.
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COMPUTING PERSPECTIVES

II

"Give me a le ser long enough -
and | can move the wcrld singlehanded.”

Archimedes

AV

Rz
[ ]
[
.
"
.
[ ]

Archimedes Lever

There now exists a whole generation of adults who
have lived their hves with computer technology. It s
sometimes difficult to view computing in its proper perspec-
tive, at the same time taking into account its old recorded

history and today's new headlines. Society is just row
beginning to come to grips with the nnpact of the digital
computer on our life styles. As with any new technology it

has come from the phase of derided laboratory apparatus,
through oversold savior of mankind to potential oppressor
of human dignity. Like most new technologies it is viewed
somewhat ambivalently, indicating we still have far to go
before its total acceptance.

Within the short span of 25 years, the digital computer
has gone through four technological generations - from
large, expensive, hot, vacuum tube devices to portable,
inexpensive (less than the cost of a standard automobile),
virtual devices capable of being addressed in near natural
language. Ambivalence toward computers is recognized
when we reflect that without them we would not have put a

fs

10
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2 COMPUTING PERGPECTIVES

man  on the moon,  we could not  operate our current
tinancial mstitutions, near mstantaneous aichine reservations
wouled be nmpossible and many of our newer structures could
not  Le budt or operated. At the same tume they have
Lrovcght us seemingly  jereconailable billing foul-ups, sys-
tecs which deo not work when the power fails and potential
for privecy invasion onoa heretofore undreamed of scile.
The positives can be attributed to technology, the negatives
to man's ability to anderstand and control that technology.
Many of our perceived problems  with computers probably
stem rrom our attempt o use the new technology 1n old
wovs, much as we anstalled bhuggy whips on automobiles at
the turn b the conturey

Fhe protential of the computer has been well expressed

e terms ot muttiphiers by W Jo 0 Mokeefery . !

For centuries,  man worked to make multiphers
miprov e his oown o strength and shall by factors  of
threeo tive or ten. The hoe, the wheel, the bow and
artow renresented  madest gains., Then, with the
industeral revolution,  the multiphers became a hun-
dred o a thensand-tuld. Gunpowder, steam powar,

tossil fuels pushed the horsepower per person into

this range and stretched his trave' comprehension in
Approxanately  these  measures. Even  today, jet
transportation does not improve walking by more than
d thouasand,

Beyond all this, there comes along occasionally a
Y G

maltipher o the range of a million to one. These
Bove been recont and sull relatively rare. The first
muttipher came ecarhier o this century by controlling
clectmaty . Frest o o waires, and then by wireless, the
speeddt ot transmussion garned s o the order of a4 mil-
Lon to one. Later, through the multiplier of mass

production of  radia and television sets, these swift
moving  messages were  placed i millions of  homes
stmultaneously

Another major multiphier 1n the million category 1s
nuclear enerqgy,  which began  with shattering explo-
stons n the form of bombs, but now, hopefully, will
be devceloped  as  controlled  fusion  for the major

P WU MeReefery, "Where are We? A Top Management
Perspective.” in Organizing for fnnovation: Towards the
Computer Utility, ed. R, C. Heterich (Blacksburg: Virginia
Tech Computing Center, 1973).

13
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COMPUTING PERSPECTIVES 3

energy  source of the world's population. Today,
nuclear energy ta power plants and marime propulsion
has reached the thousand-fold category. With fusion

it will reach a muthon fold and gradually change our
way of life,

SUll another smportant multiplier s the compu .
1t, too, has reached the million fold category. Its
combinatunn of speed of calculation in nano-second,
and yts storage capacity make its superiority over man
i the nullion fold category. We haven't explorted
this  leverage  fully yet, but with  miniaturization,
portability and the develapment of symbelic languages
sloneg  with networks, these combined resources  will
produce agan one of the vast changes in mankind's
wav of doing business.

When we  consider the potential of the computer in
commumcation networks we begin to achieve a million multi-

ohication of o melhen muttipties. The potential of such an
envirenpnent will probably take a generation to make its true
impact felt wWhen we pause to consider that commercial
avatton renresonts only  tao arders of magnitude improve-
moant oo e walking, andd reflect on the tremendous impact it
Bas Lo oon our lite sty les and comprehension of the world
we bwe o owe cannct heln but be awed n trying to com-
probend e ampact cf the computer. 'n just the last 20
years the computer hon demanstrated four to six vrders of
Moacnitucin vnpeoyeneent 0 conputational ospend, printing
ST oo aensries and the cost to proness and
tranenne antairmation,

A Brief Lool Backward

‘o bhas Leon computing for the thousands of years of
recorded history . He started ot o all by learning to count.
Begimming with his fingers and toes as counters, he proba-
Lly neat used marks, pebbles and progressed to beads. As
his needs became more compiex he developed symbolic nota-
tion for representing the things he had counted. Much
later. he developed mathematical systems for manipulating
s symbols. Wwith one notable exncption, the anacus (a
counting frame developed about 3000 B.C.), man made very
little proqress toward the development of mechanical count-
ers until about 1630, when Pascal developed a gear-driven
calculator. It was not ont’' 1920 th:t the desk calculator
was given an electric driv . :
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Figure 1
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Figure 5
Decrease of
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COMPUTING PERSPECTIVES 7
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COMPUTING PERSPECTIVES

fro the e D crard deescbsed e Tautomatic”
ben et by panched cards. The Jacquard loom was
e predecessor of modern tabulating equipment  pioneered

Sy e ran et ot the S0 Coprsus Bureau, I 1880,

recegresing that b wonld tabe onver ten years to process the

el conars datas s dlerith began working on the idea

b bt e b ol nters Ihe stanaard tabulating

Cardoweas et cut by the Bureau of  Engraving  from

macbines made for tntting the old greenback dotlar, hence
B )

s untrsual size I'hesa slectro-mechanical devices, sort-

o lavors s tihialatars . Cardd punches,  ete. were devel-
rarb et by e RS Corporation and comprised

‘

o threough the first half

RS CE S B A IS PRI TE R SRR

ey the caely halfl of the 19th century, Charles
! worbed o the toprerunner of our modern electronic
oot Vath sipport from the British government and

Pater tevan Loed By ron s daughter, Lady Lovelace, he devel-

oped e compnters . the difference engine and the analyti-
ol e e Coerher compater ok ods prmarily  because
the ot o e i hios parts could ot be o manu -
tactured oecnaly enoues The analytical engine was built
to babbage s apecibication onver Y0 years later and worked

asz B e e Dot wonld

A poreblems bacame: more nume-ous and more complex,
World v L poencded & defimte nnpetus, man applied more
and mere eftort tward  the development of machine and
cloctrical and elactronic devices which would assist him in
his problem solving efforts. Those devices which calculate

Hy coutiting are called digital devices.

Shan decrned another way to compute, also.  He discov-
~rec that he wonld solve some of his problems by measur-
mGg. s foest o efforts at osuch computation were probably
chirect, e, the probicem was solved by actua!l measurement
of the quantity being stuched.  Later he learned to repre-
sent o Grven system by another which was similar {or anal-
GGous) oo ane or more  respecls  to  the original  (or

prototype) system.  These devices he called analogs. Ana-
log devices include the shde rule, scale models, computing
pumps and caleulating scales.  Some of these devices are

divect analogs i that quantities being measured are of the
same type ar have the same unils as quantities in the sys-
tem being studied.  Some are indirect analogs with mea-
sured  quantities  differing  greatly from the desired
quantities.

r
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Arceund 1600, Galileo developed o set of scales (an

analog  devicel for amung artilery pieces. The scales
served to solve the second order equation of tne inotion of
a4 progectite. About the same time, Napier developed logar-
ithims.  Scales ruled according to the logarithms of numbers
were soon used as analog computers and  the slide rule
qained the promimence ot was to hold until the 1960s.  The
cost of a hand-held electronic calculator had dropped to
under 310 by 1975, These calculators were capable of
nearly all the operations of a conventional slide rule at
anecthird the price.  The last major supplier of slide rules

cioased production of that portion of their product line in
[REIEC

In 1876, Lord Kelvin and his brother, James Thomp-
son, developed an analog computer for predicting tides.
he tidal analyser required mechanical apparatus to compute
areas (the process of integration) and was further refined
to solve ordiary differential equations. Later wversions of
the anvalyzer were capable of harmonic analysis.

I 1936, the bLridhant Enghish  mathematician, A AL
Turing, presented a landmark paper in which he described

a machine which could simulate any other automaton. The
Turimg machine consisted only of the concept of an infi-
nitely long tape, three symbols and a place marker. He

demonstrated that this machine could simulate the behavior
of any other machine, no matter how large its symbol or
instruction repertoire. With this paper was born the field
of artificial intelligence and the concept of “thinking
machines.

One other development of the mid-1940s was particu-
larly significant in the evolution of computers. The late
Dr. John von Neumann, a mathematician who served both
the Atomic Energy Commission and the Army Ordinance
Department as a consultant, was aware of the AEC's compu-
tational needs and the Army’s interest in the EN'AC. He
proposed the idea of a digital computer which could store
both instructions and data internally in numeric form and
perform numerical operations upon both types of stored
information . Modification of instructions, he reasoned,
would make it possible to achieve conditional solutions; i.e.,
solutions in which the path through the predefined instruc-
tion set could be dependent upon some previously computed
result. Dr. von Neumann's idea sparked several new
computer designs and the first computer utilizing this
internal storage of both data and instructions became oper-
ational in 1949. The machine which von Neumann proposed
was not completed until 1952, however. Today all general
purpose digital computers have this capability.

¥
1o
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The term “cybernetics” was comed by the eminent
mathematician  Norbert  Wiener from the Greek word for
steersman. Ve put forth the bold proposition®

cothat sasiety can only be understood through o
study of the messages and the communications facili-
ties which belong to tt; and that in the future devel-
opment of these messages and communication facilities,
messages  between man  and  machiies, between
machimes and man, and between iachine and machine,
are destined to play an o,er-increasing part.

Ihe broad area of man-machine feedbact, mechanisms is
subsumed in oy bernetics, as well as the more scientific dis-
ciplines  of  control and communications theory. Weinetr's
prophecy  was recognized in less than cne generation from
th~ time he made 1t. We think nothing of computers as a
comstituent part of the family automobile, regulating fuel
consumption, exhiauct emiscion, etc. Few, if any, major
systems are designed which do not feature some aspect of
tne nn omcihone feedback mechanism,

Analog Applications

The general purpose analog computer industry has
grown rapidly but not nearly so vapidly as the digital
industry. There are several reasons for the different
growth rates. For one, the results obtained with the ana-
log computer are not as precise as those from the digital.
This 1s not a matter of concern to engineers or scientists
because, generally speaking, the data in problems in their
areas are not exact. Second, even if the results of analog
computation were accurate enough for business operations
(bookkeeping, inventory control, etc.), the analog computer
does not have the data handling facilities for performing
counting type operations. Third, the use of the analog
computer requires a higher level of mathematical sophisi'ca-
tion and competence 4t the introductory level than does tie
digital computer,

The analog computer is an extremely wvaluable tool for
solving certain types of problems, particularly those which
are poecultar to enginecring. With it, systems which might
cost large sums of money to build and test can be simulated
at relatively low cost. Systems which might endanger life

* Norbert Weiner, The Human Use of Human Beings,
(New York: Avon Books, 1350), p. 25.

(&)
15



O

ERIC

Aruitoxt provided by Eic:

COMPUTING PERSPECTIVES 11

crocaune shedraction of pocperty it g test proved o derign

Lo he faalty Goonseder, for example,  the consequence  of
farthirre ot an experonental nuclear roactor) can be similated
crean analog compataer o porfect safety. The analog
computer can be programmed to orunoan a scaled time mode
which cithare comprosaes or extends  solution time,  With

such o program g space probe of many months duration may

L s Lortonc! _— olosive type of octin
oeosmmulated ano minates oroan explosive type of action may

be effectnvely sloved down to permit detailed study.

Computer users have generally belonged to one camp
orothe other with respect to therr computational needs.

Fhey aecognized tarely early  thit sane types of problems
viclled more easily te the analog and athers to the digital

approach. More  recently,  engineers in particular have
tound that the best way of solving some of their problems
is Lo use bath types of computers.  The assemblage of the

tee types of compr ‘ers and the necessary linkage is called
o hybed compt el

oo nased  compten applications are  becoming
e reasanghy cotinonplace o Lany of these applications utilize
computing features that might most appropriately be called
hybrid o At 4 mimmum they ‘eature analog to digital and

digital te analag capabilities to sense and control environ-
mental parameters, machine tool speeds, etc. Many modern
mcustrial processes  would be impossible without sensor-
based, computer controlled, feedback mechanisms, It s
probably in the area of hybrid applications that the full
potential of the computer will be recognized. Administration
m nstitutions of  higher  education  will be extensively
impacted by the application of analog devices in the campus
computing environment,  In addition to the obvious applica-
tion of wand reading in the library and bookstore, we can
expect more extensive use of the student identification card
i machine read processes, Graphics, voice recognition and
other analog applications will become the norm during the
next ten years.

The Modern Computer

Work on two unique electro-mechanical deyvices began
prior to World War |l and they became operational in 1942
and 1043, respectively. The first, Dr. Vannevar Bush's
Differential Analyzer (Model 11) was built at MIT and was
the first successful large scale analog computer capable of
suffictent accuracy for engineering and scientific calcula-

tions.  The Differential Analyzer could only solve those
problems which 1t was wired to solve it could not change
.
N
Dr
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17 COMPU TING PERGSPECTIVES

the divestion of mnformation flow wathaout o prior wirmg

change . The second ot these devices was Dr. Howard Aik-
en's Mark T Automatic Sequence Controlled Caltculator, built
At Harvard Faversity with support trom the International
tusiness Machines Gorporation. Lhis machine used punched
Card equmpment for data storage  and  telephone  relays  as
swwitchineg  elements,  andd recerved  ats nstructions  from
punched paper tape. Howas the first successful large scale
digital computer and  was abont ten times faster than the
desk caleutators ot that day. 1t was at this time that the
word compater took on oats present connotation. Both of
theso devices coald accept data and instructions from a
wirttig cot o np Do the analog) and from punched cards and
paper tape i the digital) ained proceed through a prob
lemy, feom begimnimag to recorded solution, without assistance
by an cperator. The abibity to store significant amounts of

data and nstructions and to work without human interven-
tron s the  Jdytimgqurshing hallmark of  the  computer as

i

opposed to the calcatator or other cumy uting devices.

In 1'in D J frosper Dohert and Dr. Johin W,
by coanpleted werlo on there Blectrome Numerical Inte-
grator and Calealator (ENTAC) at the NMoore School of Engi-
neering  of the University of Pennsylvania.  Their digital

computer, sponsored by the Ordinance Department of the
Army, “was tho first to utihize the vacuum tube in place of
the slow relay for switching.  The local tabloids suggested
that the lights of Philadelphia would dim when the ENIAC
was turnecd on because of the power consumption of the
ters of thousands of vacuum tubes. Several learned critics
suggested that the starting voltage transients would always
Llow at least one tube and, as 4 consequence, the machine
could not wark.  While these fears proved to be not totally
correct, 1t s interestir g to note that early computers of the
ENTAC class were operated continucusly and powered down
only four emergencies. Later machines in both the analog
and the digital fields used vacuum tube circuits, then tran-
sistor circuits and now Integrated circuits in an effort to
gain computational speed. Today general purpose comput-
ers of both types are electronic; the electro-mechanical
types of the 190s are obsaolete.’

’ Material in this and ftollowing sections has been

adopted from R. C. Heterick and J. H. Sword, An /Intro-
duction to Computers and Flementury FORTRAN (Dubuque:
Kendali-Hunt Publishers, 1966.)
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Fhee teese conmer o aadel of the computer was ntro-
RIS BTV NN Phe et camputer was deivered to g -
vately onvped company, (the Genergl Plectrie Company ) n
Vi yothat e the ety had revieied therr previogs
g et and v poredictineg that posaibly S0 Hingted
ot corporatins wonld oventually acopnee digital comput -
e Fen oy ears Tater one arge corporation (Westinghouse)

was o reported by TORTENDE AMagazine to have spent more
than w16 anthion o one year on computer rental,  research

sl salaries of compater personnel. The company reported
aovetarn of more than 20 nulbion on its mnvestment.  Silar
crpertence by others ancreased  the  popularmity  of  the
coanpoater unthl o tat the wertimg ) the computer mmdustry 1s a
mobte Dathen L Hare e vear basiness, with one manufac-

turer  alone accounting for over S, 000,000,000 worth  of
caurpment manatacturad per year.

There are, in operation at this tume, more than 500,000
computers  fesclusive of racrocomputers) manufactured by
Prooted States manufacturers atone.  Practically all of these
componters have bheen o manufactured since 1964 and all of
oo are faster, dean expensive (in terms of the number of
computations per unit of  cwost)  and have more storage
capactty than the first electronic computer. Fewer than ten
percent of them rent for as little as $1000 per month and
rentals as hrgh as $500,000 per month are predicted for
systems currently under development. Computer rentals in
excess of 350,000 per mounth are commonplace. The majority
of the large scale computer systems are used by government
and private research laboratories and by the manufacturing
and process industries.

While we tend to think of computers as large complex
machines we fail to realize just how m~nv small {(desk top o
chip size) computers are commonly in use. Computers on a
chip for less than 3100 are available. The instruction
repertoire and storage of these micro-processors compares
favorably to first generation equipment. The fastest grow-
ing segment of the computer industry is the mini- and
micro-processing field. Predictions have been made that
the annual sale of micro-processors in 1985 will exceed the
total production of computers for the previous 30 years.

Although the “nited States is the world leader in the
manufacture of computers, there are computer industries in
England, France, Germany, Italy, Japan, Russia and
Sweden. Still the demand for computers rises.

Computer development was concentrated in university
research labs during the five-year period between the com-
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Sleteon b The A and the anteaduction of the et
conumeroral compater, the UINENAC ] Ihe stored program
concept was evprlorted and ndex registers developeds Ot
of they teanamional perod come the T ONAC, the THLIAC,
the SIANTAC andd the JOHMTAC tollowing the basie tormat of
the bobert and Naachly wordk and the Whiochwind, Zephyr
and Hoaero ane boadding upon the worle of Niken, Concur
rent etforts an Large scale aaalog devices,  the Cydlone and
the Iy phoon, were undertaken by industry.

Frest anstallation of the UNIVAC was made an June,
Tand aeed was poced at o 3250,000 The fiest order tor the
USINVAC woan anterestimgly  enough o placed by the Bareau
b the Consus For nearly five years the UNIVAC essen-
trally had the clectromce computer hield to itself.  As late as
1048 the BN Corporation had made  the decision not to
nrk ot the computer bHhecause they felt it would never be
profitable The corporate effort to develop the 700 series
of TBM computers and the obvious success of that effort will
rank o one of the major business success stories in his-
Loy

IThis first qgeneration of computers was characterized
Ly vacunm tube memories, tape storage and punched card

mnpul output  devices., I'he mean time bevween component
fartlures was frequently no more than 30 minutes. These
tirst  generation  computers were generally programmed in
machine or assembly  language. Control of the computer

system was vested inoan eperator who usually was the pro-
Grammer.

The second generation is usually marked by the switch
from tube to transitors and  magnetic core memories.
Computer memories were increased from 2,000 to 30,000
words., A million operations per second was achieved in the
second fgeneration, as contrasted with ten per second on
the MARK [, 5,000 per second on the ENIAC and 100,000
per second n the first generation. During the second
generation computers came to be viewed as something more
than a scientific tool and several computers were designed
specifically for commercial applications. The second gener-
ation boosted the number of operation codez from 30 to over
100 and ushered in the era of time sharing, albeit in a
rather jerrybuilt, crude fashion. Prccedure languages such
as FORTRAN and COBOL became the primary programming
tools and more advanced problem-oriented languages such as
COGO and STRESS were developed. Rudimentary operating
systems were developed and multi-processor configurations
were implemented to overcome the speed differential between
the electro-merhanical I/0 devices and the totally electronic
central p10cessor.0:}

o
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Phe thied generation v nsually marked by the ntro-
Soction ot the THA 360 hine of computers. Ihied generation
compoters typreally  employed monolithic integrated  circuits
rather than tranastors and were characterized by system

wtrol preograms called operating sy Jtems, Ihe third gen
cration marked the general acceptance of time sharing, first
mmeothe torm of remote primter cord reader bateh complexes,
and dater as slow speed (ten-character-per-second) imterac-
tve o tems communicating over  standard telephone  lines

with telotype-like devices.  Significant experimentation took
place with darge data bases  featurimg onlime mguiry  and
updatoe. Fhird  generation technology led to attempts to
Consolidate computing octivities, generally expressed as the
coonomy of scale phecomoena Ihe cost per umit of storage
and cost per anstruction cycle time were considerably less
for the larger machines, Dr. Herbert Gro-ch was one of

the tiest to observe this phenomena and suggested that a
doublimg of the price of a computer tended to quadruple its
speed, the third generation marked the transition from
hardware centered conputing to our current software devel-
opiment  foos, The impact of this transition on organiza-
onal  structure, software  development  and  operations
management has been major and is” pursued in detail in sub-
sequent  sections, This transition  has not been fully
absorbed by many computing organizations and continues to
be the source of a myriad of development and management
problems .

The depersonalization of computing in the third gener-
4tion, accompanied by significant advances in large scale
coreuit antegration and  telecommunications technology, ush-
ered in what will probably become known as the fourth (and
last?) generation. For our purpose, we will mark the
fourth generation by the proliferation and acceptance of the
mini- and micro-computers and significant efforts toward
distributed computing n networks. The mini-computers of
the 1970s have roughly the same power and storage capacity
of first generation computers at a tenth or less of the cost.
In fact, some of the pocket size calculators compare favora-
bly with the capabilities of first generation computers.
Hierarchical networks of computers featuring widespread use
of cathode ray tube input devices are probably the hallmark

of fourth generation systems. Sensor based applications,
wand readers, environmental automation, electronic fund
transfer, etc., are becoming commonplace. The comnputer

has probably reached the level of the ultimate ub.quitous
machine.

o
Ka
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Architecture of Compuiing Systems

Tiee chental compuater s, by definition, a counting
b ‘ts manner of counting 18 not the same as that of
T er however,  Atter first building computers using
o tanear cdecimal o (hase 10) 0 system,  early  computer
: vt recogmeed the advantages anherent in the binary
Cigae 2) rambier system.  So many of the devices used to

deoor transtnit data and numerical instructions are of the
w o oatale or ba-stable type it was inevitable that computer
Gners owouid turn to the binary system. A switch, for
e 1s eather on or off; a card either has a hole
Bedn o gnvaen position ot does not; the flux lines

ned oo macnetic core are either clockwise or counter-
ok wise: and so on. If we use the numerals ) and 1 to
Lent the two possible states of a binary device and
Gt ratie Goemo oo rows such that the presence of a 0 in any

;o atieen eans zero in the decimal sense and the presence
St e boneans 2%nowhere noas the position number in a given
toenl wee hay represer t decimal numbers in terms of their

Sy e g alents .

Such groapings of symbols, or assemblages of two-
Lt dewires,  are Jsed as registers in the cemputer and
the contents of such registers mav be combined to perform
Cinpatations .

fae pertoroung the various armithmetic oparations
/

cast tor binary number systems just as they do for other
o wtems The average computer user is spared the task of
feartang  these rules,  however, because he communicates
with the computer using his own language. He may, for
Avample. submit hus original instructions and data using the
slohabet.  standard punctuation symbols and the familiar
demimal aystem for numerical values.  The translation to
Dinary foem is made by machine.  Results or other informa-

t

o ogmog from the computer to the user are translated
trom binary and returned to the user in a form which he is
autustomed to reaaing.

The dcaciemic administrator will most likely use the
cemputer as a tool for solving problems related to his spe-
cial firld of interest. He really doss not need a detailed
bnowisdge of the design or operation of the various parts
which make up a computer system. The user should, how-
over. hawve some general understanding of the flow of infor-

mation through tiie computer, The block diagram or
five-nart black box representation has been widely used to
evplain the operation of the compuwer. User attention has

Leen focused, and rightly so, on the input/output proc-
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of the model. However, technological developments in

sor design have a sigmiricant impact on the econcmics
cothe angadt Gutpt aperations. A subsequent section  will
e tigate ey eral of these new technologes so that a basis
tor later hacnssean of  chenging cconomics may be estab-
broheedd,
Comtrol Bt

The contrel nnet as the dispatcher of the system. Al

mstractinns, ot and  operation commands  are  routed
through  this device and it contrals the operation of all
iiernal and external equipment attached to the system.
The cporatinn commands for ot such equipment are numeric

o nature and are transmitted and received as electrical

ivtlses . The control unit 1s not directly accessible to the
programmer and he or she generally has no special interest
ot so tong it functions properly.

Arithmetie and Logic Unit

The arithmetic capability of the machine 1s, in effect,
limitect to adcdition, subtraction, multiplication and division
(some new scientific computers have square root capability
and other umque operators).  The logical capacity is that
ot distingmshing between zero and non-zero and between
plus and minus which. when coupled with the subtraction

operation . aives the added ability of determining whether
one number s different from.anaother and, if so, which s
larger.  The armithmetic unit also has the capability of shift-

g numbers to the right or left in its reqgisters.

Both instructions and data are numeric in form and the
arithimetic unmit may modify either or both of them upon
command. Aiso, since alphabetic quantities must be repre-
sented 1n numeric fashion, they, too, may be manipulated
by the arithmetic unit., Such operations are binary in
nature and they can be accomplished in times measured in
microseconds (millionths) or less in modern computers.

The smallest unique unit in a computer is called a bit
(Binary diglT). For addressing purposes, bits are usually
agrouped 1nto bytes (typically eight bits) or words (typically
16 to 61 bits). If an eight-bit byte is used for character
representation, 256 unique characters (2%8) can be 1cpre-
sented. This easily provides for upper and lower case
alphabets, the decimal numerals, special characters such as
<, -, %, etc. and other special characters such as those
used in APL (A Programming Language). National and
international standards groups eitist to bring some order

35
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out of the confusion of many different code representations.
Thesoe differing code representations are one of the first
prohlems which must be overcome 1n creating a network of
cdissimilar computers.

Memory (Storage Unit)

Busic working storage in all modern computers is of
the magneoetic type and usually consists of a three-dimen-
stona' array of small ferrite rings called cores or some form
ot monobithie integrated circuttry. In the core type each
ring has a unigque address and can be magnetized by the
passacge of o current aisnag each of two wires which go
through the center of the ring. By appropriate selection of
wires and by control of the direction of current flow, any
given core element may be addressed and set with a binary
boar 00 The individual cores (or basic storage units for the
non-core types) is a binary bit. in some machines the com-
putational umit s a word; other machines permit words to
contatn o variable numbear of Lits. In either case, the word
may Le located by means oi o specific and unique numeric
acddress which s analogous to a street address or post
office box number. Still oth' - types of computers use an
addressable basic unit of the te; words 1n these machines
are generally made up of twe to eight bytes. Access times
are extremely fast for modern computers; for some of them,
times  are measured in nanoseconds (billionths), for others

microsecands .

Both data and instructions are stored in a binary form
in memory. Storage in memory is considered permanent in
that a word stored in a given address will remain there
until ot s actively replaced by another store operation.
Interrogation of a storage address or the print-out of
information  from it will not destroy the contents. The
read-in of information or the redefining of a value already
in storage always destroys the previous contents of a stor-
age address.

Auxiliary storage may exist in magnetic tape units,
magnetic drums, magnetic disks, punched tape or punched
cards. Units equipped with optical scanning devices may, in
addition, utilize printed storage. Access time for such units
is generally measured in  milliseconds (thousandths) or
slower. With the magnetic devices, however, once the
machine has found a piece of data, the transfer rate from
auxiliary storage to working storage Is quite rapid. These
devices may be large enough to store practically limitless
amounts of information (the real constraint is financial
which, of course, must be based upon need and frequency
of use).

.
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Much research effort is "eing placed on developing
larger and faster computer storages. There are currently
storages available which will store a trillion brts (terabit
stores) but with rather slow access times. Thin film and
bubble technology is hecoming quite advanced. The laser
holds perhaps the greocost petential for extremely large,
fast computer storcs.

input Unit

The programmer communicates with the computer

through the iput unit. This unit usually is a typewriter
or punched tape reader on very small computers (or a tele-
type lLite umit i remote terminals) and a punched card
reader on medium and large scale systims.  There may be
intermediate 1nput devices, also. Larger systems usua'ly
permit programmer access only through magnetic tape or
disk.  The programmer has this punched card information

read by a small computer and stored on magnetic tape or
disk for transmittal to the large computer in such systems.
There 1s at present a growing market for =cently intro-
duced heyboard-to-computer systems which bypass the
punched card operation altogether.

Regardless of the type of input, the input unit senses
coded information of some type, translates 1t, and sends it
to the computer as a string of timed electric pulses. It
should be noted that most input devices do not have control
functions independent of the computer except for operator
controlled START and STOP. Punched cards, in particu-
lar, cannot be recalled for reading again within a given
problem solution or program.

Operating speeds vary greatly for the various types of

input devices. The slowest is, of course, the type which
depends upon manual operation the typewriter or the tel-
etype unit. The fastest of the types mentioned above are

the magnetic disk and drum.

The primary characteristics of both input and output
units is their speed differential as compared to the Central
Processing Unit. While the CPU is capable of billions of
operations per second, typical /O units operate at ten
characters per second, 300 cards per minute or 1000 lines
per minute. So long as these devices are electro-mechanical
or actuated by humans, this speed differential will continue
to exist.
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Output Unit

Fhe computer transmits information and results to the
programmer by means of magnetic tape, punched paper tape
or cards, or the output may go directly to a printer, a
plotter, a CRT or some other device. Regardless of the
ty pe of output device, information will ultimately go to the
user in one of the languages with whichi he is famliar. For
the academic administrator this will usually be in numeric,
alphabetic and or graphical terms. Again, speeds are quite
variable.

Computer Languages

Each computer is designed to accept certain combina-
tions  of electrical pulses which can be interpreted as
numerical characters. The computer is essentially a symbol
manipulating machine. it does not matter at all to the
computer what the binary digits represent so long as man
can develep the necessary systems of unambiguous symbols.
The code for a machine, consisting of symbols recognizable
to the programmer and which, when read from punched
cards or transmitted from a terminal, create the necessary
electrical pulse chains, is called a language. Languages
exist at four levels and are classitied as follows.

Ylachine Language

The basic combination of codes accepted by a given
machine is unique. This combination, written by the pro-
grammer in numeric form, is called machine language. Pro-
gramming in machine language is very exacting and
time-consuming. Such programs require a separate step for
each computer operation and programming steps must be in
the order of execution. The orogrammer must specify exact
locations in memory tor each separate piece of information
and must take care not to use the same location for two
separate values.

As an example of machine language programming, con-
sider the following system (used with a popular machine of

several years ago). instructions to the machine were of
the form:
OPERATION DATA ADDRESS OF NEXT
CODE ADDRESS INSTRUCTION

Solving such a simple problem as X=A*B-C required a
sequence of steps as follows (where 60 is the code for
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clearing a regqister and adding to 1t, 65 means add without
clearing, 70 means subtract without clearing, 80 means
store n memory and the four-digit groups are addresses of
storage locations):

LOCATION INSTRUCTION
0190 GO 20060 0500
OL00 Lo 2060 0510
0510 70 2070 0520
0520 a0 2080 0530

etc.

Hefore the program could be executed, the programmer
had to store the program steps and data in the asstgned
addresses  (the seccond operation in storage location 0500,
the third in location 0510, etec.) and send the machine to
the first step (location 0490) by means of switch settings on
the machine console.  (Note that the small program segment
clues not contarmn anstructions for obtaining the result of the
caicuiations, this would require additional instructions.)

Needless to say, such programming techniques did not
prove to be popular with problem solvers. Today, this
type of programmning is the province of the professional
programmer who 1s involved in computer development or in
development of languages.

Assembly L anguage

Recause of the difficulty which programmers had with
bookkeeping operations, assembly languages which accepted
symbolic addresses and operation commands were developed.
Machine language programs called assemblers, written by
professional programmers, cause the computer to accept
symbolic names for numerical addresses, convert those
names to addresses and to build an index of locations used.
The assembler is also designed to accept mnemonic operation
commands. The programs have to be translated to machine
language for execution, I'he program submitted by the
programmer is called a source program; the instructions
generated by the computer constitute an object program.
Such programs still require one instruction per computer
operation. Although not as time-consuming to the program-
mer as machine language, such programming is tedious and
generally less efficient in its exercise of machine resources.

Using an assemblv language the example problem above
m ht be written (where CLA means clear and add, etc.):

33¢
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CLA A

ADD B8

Sup ¢

STO X

Note that the assembly language has the same basic
structure as the machine lanquage which it replaces and is
therefore machine dependent.  This, teo, is unpopular with

problem solvers because they are not accustomed to break-
inqg their problems into such minute operations.

There is one procedure which has been popular with

those who must program an assembly languages. Certain
aroups of operations which frequently occur together can
be grouped and the ertire group called to step-by-step
execution by a single command. Such an instruction is

called a macro-assembly instruction.  The use of such com-
mands was the forerunner of the procedure language.

Procedure Language

There have been many attempts to make programming
easier by permicting the programmer to write in a language
related to some method or procedure with which he was
already familiar. The FORTRAN (FORmula TRARNslation)
language is perhaps the most successful of those attempts;
certainly it is the most widely used. The programmer
writes a source program in the FORTRAN language and
submits to the computer first a machine language program
called a compiler and then the source program. The
machine, under the direction of the compiler, will either
translate (or compile) the source program into a machine
language program (called an object program) or into an
assembly language which is then translated. The program
is then executable.

The advantage of this approach is that one FORTRAN
statement can represent many machine language steps. Our
previous example would appear in a FORTRAN program as
X=A*B-C There is a penalty in increased computer time
required but that penalty is more than offset by the sav-
ings of programmer time and the ease with which the lan-
guage can be learned. It is gererally agreed that the
procedure language is best for beginning programmers;
indeed, it is adequate for the needs of most professional
programmers.

Procedure languages offer the added advantage of
being machine independent. The compiler which translates
the source program is machine dependent, of course, but

Y
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the source language may be used to write programs for the
machimes of several dhifferent manutfacturers.  Minor varia-
Lions occae but,  generally speaking, FORTRAN type pro-
Grams o a iven level are compatible between machines
vhich operate at that level

Frrablem Language

In cortam speciabized arcas where everyone working on
a4 particular type of problem is likely to use the same stan-
dard approach, languages have been written in which a
particular symbolic name may call forth a complete sequence
ot operations Lanalogous to solving o group of equations or
FORTRAN type statements) and deliver results in some pre-
defined format, The structure and terminology of such
languages is dictated by the type of problem being solved.
Ihey are called problem oriented languages and are usually
written  usimg a4 procedure  type  language  such  as
FORTRAN.

Lyampies of such languages may be found in many
different  problem  areas. There are, for example, a
STRUctural Design Language called STRUDL,; an Electronic
Circuit Analysis Program called ECAP: a COordinate GeOme-
try program called COGO; a discrete system simulation pro-
gram called G SS and many others.

Modes of Computing

Three principal modes of computer usage are usually
identified.  They are batch, interactive and real time.
Batch systems were the rule during the first three genera-
tions but are rapidly being supplanted by interactive and
real time applications in the fourth. Most procedure lan-
guages were developed for execution on batch systems, APL
and BASIC being the two dominant exceptions.

In a batch system the programmer prepares the source
program and data, typically on punched cards, and deposits

them at a pickup station. The cards are read into a
computer system and temporarily stored on disk or tape, a
process sometimes termed spooling. A job processing

scheduling algorithm, part of the computer's operating sys-
tem. reviews the spool queuz and selects jobs for process-

ng.

ot
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When the ot s ey wotected andd procecsed oty

aqarn placed e dek e awant scheduling for output to a

priater, plotter . card punch or other output media, A job
cutput scheduling algorithin earches this spool queue and
eventually sefocty the pb s autpat for processing. Iypical
tarn around times dor a0 ob ey be fram three to twelve
[AINITYIENS Fhe batch operation s essentially o four-step pro-
Conn W Hle thes e an efhicient and reasonable method for

prrocesang production jobs ot tends to be quite inefficient of
the programmer’ s time when new code s heing written and
tested, particalarly  when the job aborts due to a key-
punchimg or teval preogrannming error and the programmer
must wart  ovopr threo hoors to Jiscover and correct the
error.

bnoorder to overcome these delays du o ong the program

development  phase,  time  sharing  was  developed. Time
sharing  allews the user an interactive mode of computer
weage, pernntting many similtaneous users to feel as though
they cach had control of the computer.  This effect is pos-

sthie when you consider the speed differential between the
computer’'s processing abality and the reaction time of the
pragrammer typing ot a keyhoard.  Well designed interac-
tive  languages  will scan anput tines for syntax  errors,
allowing immediate correction of typing and trivial prog am-
ming  mistakes. A well designed interactive language will
also facilitate o desk calculator mode, permitting many oper-
ations without the pecessity of coding a multi-step program.
In an anteractive  system  a  dispatching  algorithin looks
through the queue of terminals connected to see which s
ready for service and gives some small quantum of time to

ecach in a round robin fashion. Several hundred terminals
could be connected, each having the appearance of controll-
g the computer. Typicai response times for an interactive

system would be in the one-to-five second range. While not
as efficient in utilization of machine resources as batch,
programmer productivity is gready increased (probably at

frast  ten-to-one) over batch systems. The interactive
environment leads immediately to thoughts of electronic mes-
sage switching and office automation. A subsequent section

will discuss text editing and transmission in greater detail.

Real time systems were developed for inilitary command
and control applications, the SAGE (Semi-Automatic Ground
Environment) system for ballistic missile warning being
implemented in the 1950s. The space program made heavy
use of real time systems. Among the many applications was
vehicle guidance, which required the results of over 15,000
serial computations to calculate and make flight path correc-
tions.  Obviously some form of round robin computer shar-
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g such o as an anteractiv e Sy stems just would not do. I he
characteristic of real time applications s that they are so
mpeortant  that they mnst tale precedence over all other
e of the computer. Rany torms of process automation
currently rely gpon real tine computer systems. Most o cur -
renthy devtgned rapad transit sy stems requiee some form of
ool time computer cantrol,

As computers were accepted  and probferated, it was
only dogreal that attempts would be nade to link them into

networks. The examples of carrently existing power grids
and telephone systems were a persuasive impetus.  Particu-
Laciy e research and education, programming was somewhat
of o cattage industey . How to use the code writion by

someone at another computer site has been a problem for
computer users since the days of UNIVAC |,  Additionally,
some form of networking would allow local specialization and
the advantages of a market economy in computer services.
The development of time sharing provided the majority of
the telecomimunications technology necessary to create net-
works  of computers above networks of terminals. Some
techniques needed to be developed to overcome the error
rate 1N conventional telephone service, about two errors in
every  10%5 bits  transmitted. The currently favored
approach is packet switching where data is sent between
computers in small packets of about 1000 bits. These pack-
ets may be sent between computers by several different
routes, each intermediate computer storing, checking, then
forwarding the packet on through the network, with erro-
neous pachkets simply being re-transmitted. Upon arrival at
the final destinaticn the packets are re-assembled, placed in
proper sequential order and presented to the target
computer system. All of this network activity requires
loaic which is provided by small computers acting as front
ends to the major computer systems in the network.

Most research in computer networks has been concen-
trated in communications technology. In order to get
higher transmission speeds at reduced costs digital commu-
nications companies have been chartered in competition with
the Bell System’'s analog network. In response to these
initiatives the Bell System is implementing Data Under Voice
(DUV) service utilizing under-loaded voice lines to pass
digital information. Typical transmission rates vary from
2000 bits/second (ordinary telephone service) to 50,000
bits/second. Computer data has been sent by laser, micro-
wave, and increasingly by satellite. Several large suppliers
of computer services currently have their own satellites in
orbit, Even more exotic technology such as millimeter wave

AY
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"

lenagths and helical wave qguide appoear an the offing Iigh
denaty  commimications  channels  can be shared or mult
plesod hetween soeveral users by time divicon (much as the
Larage onl prpehnes are shared) or frequency division (a0 2000
bps hine may be chared by abont six 300 bps users) .

Ihe potential of computer networks has led to specula
tion about docal and national compirter and anformation atili-
ties . One major computer network, the ARPA (Advanced
Research Projects Agency of the Department of Defense),
alveady hinks over (0 major unmiversities and research labo-
ratories on the mamland via telephone circaits and Hawaii
vian the ATOHA satellite. We can cxpect to see contiumiing
arowth of EDUNET and the further development of local and
reqronal resource sharing  networks in higher  education.
I'he development and widespread use of networking technol-
oqgy should make the use of computers in academic adminis~
tration extremely cost effective.

“ For an imajinative look at the future see James Mar-

tin, Future Develcoments in Telecommunications (New York:
Prentica-Hall, Inc. 1971).
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"Every problem contiins within itself
the seeds to its own solution.”

Cost of Computing

The purpose of this chapter is to examine some of the
economic and technological influences under which computing
centers of the 80s will have to operate.® The Fall 1979
EDUCOM Bulletin contains an article that projects the cost
of computing in the next de. de under the following simple
assumptions:

*» Hardware costs will continue to decrease at
the rate of 20% a year

* Software and personnel costs will continue to
increase at 8% a year

Under these -assumptions we may conclude that for no
growth computing, by 1989 the cost of hardware will be

(=)

approximately 5% of the total cost of computing. This

* This chapter appeared almost in its entirety in
CAUSE/EFFECT, November 1981, pp. 12-19,
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means  that approximately 95% of total computing costs will
Le attributed to software and personnel. Projected costs
tur software and personnel show an even more dramatic
merease and consume a greater percentage of the budget if
4 157 annual growth is assumed (see Figures 14 and 15).°

The purpose of this section is twofold: first to deter-
mune af the above assumptions and conclusions are valid;
and second. to outline management strategies that should be
need to cope with and to take advantage of the changing
situation,

Hardware Conts

The previous chapter discussed the major components
that make up the computer system. A large portion of the
tetal cont of computer hardware can be attributea to two
amponents the central processor unit (CPU) and the
wemory Lincluding main memary end  secondary storage).
Thius at computers are to continue to drop in prices, these
price drops must come from  lower costs for CPU and
Memory: Lower costs can be achieved either through
miproved performance of the component or through reduced
vttt manufacturing costs.

ot e GRS

Let us examine the CPU periormance iSsue One mea-
sure f the speed of the computer is the machine cycle
time Cycle time is the time interval in which a computer
can perform a given number of operations A large com-

mercial computer today has a cycle time varying between 12
and 80 nanoseconds (a nanosecond is 1,000,000,000th frac-
ton of a second). The fastest computer today has a cycie
time of approximately five nanoseconds. A 20% price drop
over the next decade will require a 50 fold improvement in
performance; i.e. computers with a cycle time of 1/10 nano-
second would be required.  |s it possible to produce such a
machine or have we reached the limits of the technology?

Douglas £. Van Houweling, "Meeting the Challenge of
Diversity  and Change: Cornell Computing Services,”
EDUCOM Bulletin, Fall 1979, p. 5.
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tewrs Mo Branscomb examines this question from the
perspective of physics.” He argues that the speed of light
s such that it travels about three centimeters in 1/10 of a

nanosecond. Thus computers with a cycle time of 1/10
nanasecond cannot be larger than say a one-inch cube.
Ihis 1s enconuraging in the sense that the smaller the pack-
age the lower its requirements for power and the cheaper
its production costs.  If the computer has 300,000 circuits
then 1t will generate about one kilowatt of heat. Today's
technology will not permit us to extract one kilowatt of heat
from one inch cube space without damage. Thus it is likely
that semiconductor technology will not be the answer to the
requirements that we nmight have towards the end of the
decade. However, a new technology. called Josephson

Junction technology (named after Nobel Prize winner Brian
Josephson) holds a lot of promise. Josephson junctions use
metal alloys cooled in liquid helium to 4.2 degrees above
absolute  zero. At this temperature the metals become
superconducting and lose their resistance to electricity.
Circuits built with this technology have switching speeds in
excess of 20 trithionths of a second. Thus Josephson junc-
tion  technology, presently in the research labs, holds
promise for the future, but much needs to be done before
the junctions become a viable commercial product.

The silicon-based technology that we are using today
ts Ly no means dead, as substantial improvements are still
possible. Todays technology allows around 30,000 transis-
tors on a chip. It is estimated that half a million transis-
tors can be put on a chip by 1985 and about ten million by
1980. % Full computers on a chip should be a reality by the
mid- 1980s .

Another cost-saving approach in the manufacture of
computers is the use of gate arrays. Large-scale inte-
grated circuits are made on silicon waferc, The circuitry is
fabricated on the wafers by a inultiple step process called
masking (typically a completed wafer has seven or eight
masks). The gate array is a partially complete wafer that
awaits the customer’s logic requirements. The user simply
provides the logic information for the last two masks. This
process ~educes the overall cost of the wafer and also has-
tens the design of the chip. Extensive use of gate arrays

7 Lewis M. Branscomb, “Information: the Ultimate

Frontier,” SC/IENCE 203 (12 January 1979): 144.

* Edward K. Yasaki, "Markets,” Datamation (Special

Edition}, December 1980, p. 10.
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con possibly cut the cost of the system by a factor of four.
It 1s, therefore, not unreasonable to expect that silicon
Dasedd technology  will continue to provide substantial cost
reductions for at least five years, oerhaps longer.

Yoo hav e already s that CPHs 0 computers are very
tast with oycle times as Low as five nanoseconds and getting

toster. What s not widely Fnown s that they are very
consistent with recard to error rate, already as low as one
toone trition, If Josephson junction technology becomes
wedely used, 1t will be sate to say that the computers of
morrow will be very cold indeed.  Thus computers may be
Characterized as e fast, consistent, cold and dumb.  On
tha other hand biomans are slow, nconsistent, warm and
brilthant. he real challenge is to get the two working

togather using the optimal mix of the capabilities of the
campater and the talents of the human,

Memory Syatems

Nemory  systems are beeping pace  with the develop-

ments a0 the CPU greg, Marn memory prices have shown
sigraficant dropowith the mtradoction of (K, then 16K
Chips. Ihe recont proce drops an o the 16w chip market
imchioate that perhaps GIK chnips are ready for use, with
Chnke opreenrty ctun s avariable o the ot oo distant foture.
HEothis v e, a0 oo owell an advance of  projected time
frames. The targer density chips are both less expensive

and maore reliabhle

The developments n the area of secondary storage
have bHeen more  dramatic. The first magnetic recorder
caten bhack to the year 1000 when Danish engineer Valdemar
Paaloen demenstrated a device in the Paris Exposition.” The
imvention cf the vacoum tube amplifier 1in 1920 gave a big
bhoost to the weak signals from the magnetic recorders, and
th 1922, Thomas Edison built the phonograph. Whereas the
marr memory  of the computer is based on semiconductor
techoology, the secondary memory, o far, 1s based primar-
iy on magnetic disks.  In magnetic disks, the reading and
writing of data is accomphshed by a read/write head which
1< an electromagnetic device that resembles the head of a
home tape recorder. The head positions itself on a specific
position on o rotating disk made of magnetic material. Each
head position corresponds to a concentric circle on the disk
called a track. Data are read from and written on tracks.

" Robert M. White, "Disk Storage Technology,” Scien-
tific American, August 1950, pp. 138-148.
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The most commonly used tachnology for disk drives is called
thn Winchester technology, introduced by IBM in 1973 for

theo 3390 disk drives.  In this technology the read write
head consists of three rails.  The outer two rails govern
the flow of wir and allow the head to float 17 microinches
aboves the surface ot the disk, By comparison a  smoke
porticle s 100 microinches o diameter and a human hair is
2500 micramches Ihe tail end of the center rail has the

read write head built on it

The amount ot data that can be stored on a disk is
determined Ly number of tracks per inch of radius of the
ek and by the amount of data that can be stored per inch

albng  the track The Winchester head  allows for 1000
tracks per inch with a recording density of 10,000 bits per
inch along the track. A Winchester disk is between eight

atdd Bonches i diameter and is contained in a sealed unit
to beep out dust particles.

Thee material on the surface of the magnetic disks is

ron s Pests show that of metallic cobalt were used
stead At aran oside, greater storage  densities could be
athieved . Another area of mmprovement is the read/write
head tselt. The new 3370 dhsh drives introduced by [BM
usea thin film head. This head 1s made of permailoy, a
risturce of nckel and rons LUinhile the Winchester head it

has o coll of wire i tts electromagnet; it uses a spiral film
of electrical conductor to form the rlectromagaet. Compared
to the 10,600 bits per inch for the Winchester technology,
the film-head can record at a density of 15,000 bits per
meh today and has a potential of going up to 25,000 bits
peroinch n the future.

There is  yet  another possibility of improving the
recording density on the disk drives. At present, data are
recorded along the surface of the disk. It has been sug-
gested that data could be stored on end, perpendicular to
the surface of the disk. The technology to do this is yet
to be discovered. Both a suitable magnetic medium and a
read/write head capable of doing this will have to be devel-
oped, If this can be done, improvements in recording den-
sity are possible by a factor of ten.

Optical Disks

A relatively new medium for computer data storage is
the optical system. Conceptually, optical systems are very
similar to magnetic systems in that both require disk med-
ium for storing data and read/write heads for storing and
retrieving data. Both systems require similar mechanisms
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to posttion thie heads on tracks and the necessary logic to
code and decode data suitable for storage and error recov-
ery Apart from the fact that one uses electromagnetism
and the other uses laser optics. the mmportant difference
Letwosn the two systems s that in optical systems the
Gy nsed to detect the presence or dbsence of o Thit” s

!

external to the sterage mediam.  The storage medium the
Jdish stnply acts as o gate.  This allows for much greater
storacge densities.  The simplest form of optical disk is one
irowhich data 1s stored on the surface of the disk by a
liser bearn burning muntscule holes on the surface. The
storage density s extremely high about 100,000 bits per
1 h A standared 1 anch dhisk s capable of storing
aporoximately 100 Lithon bits  of  information. Clearly,

though, the storage of data asing this technique s non-
crasatyle.

Optical disk devices are rapidly becoming a mass con-
sumer preoduct, Becouse of the high volume that is possible
i oongmer procducts, the costs of optical disks for data
storage can have an amprovement of a factor of 10,000 over
conventional magnetic media.  Further, the entire recording
medinm 1s removable allowing for the flexibility of removable
disks or tapes.

Efiorts to dovelop an erasable opticat medium that can
be reused (i.e., updatable) have, so far. been unsuccess-
ful. Optical disks hold the potential of improving price
performance by a factor much greater than 100 and are
thus well within the 200 a year (for the whole decade)
criteria we are examining.  The magnetic medium is not
dead by any means. The projected improvements in the
conventional magnetic disk technology will continue to sus-
tain, for several years, the price performance figures that
we are secking.

Bubble Memory

Bubble memory will play an important role in the stor-
age and retrieval of computer data. What exactly are mag-
netic bubbles? For our purposes, it will suffice to say that
magnetic bubbles are very small and cylindrical magnetic
regions about 1/25,000th inch in diameter. These so called
"hubbles” are found to have a stable existence in certain
materials like orthoferrite or garnet. Further, the bubbles
can be made to move along the surface of material by the
application of a proper magnetic field. The stability of the
bubble and its controlled movement alo>ng the surface of the
storage material forms the basis of bubble memory. (An

excellent exposition of magnetic bubbles can be found in the <'

August 1980 edition of Scientific American).
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[he great advantage of bubble memory over disk

memaory 1s  that it has no moving parts.  Thus, unlike
maechamcal devices, it requires no maintcecnance. It is esti-
mated that bubble memory has a capacity of retaining data
over 100 years. This long term stability of data compares
very favorably with the estimated life of data on magnetic
tapes.  The error rate for magnetic bubble memory is about

ane an 100 tethon bits; thus bubble memory has an error
rate two orders of magnitude better than CPUs. Compared
to dish drives bubble memory has much higher data densi-
ties and also has superior access times. The only disad-
vantage of bubble memory is a slower data transfer rates.

The price performance of bubble memory is  very
attractive; 100 bits of data can be stored for abouut one
cent.  Figure 16 shows the location of bubble memory in the

price performance graph.  Clearly, bubble memorys fill a
rather large gap between main memory and disk memory.
The two very important features of bubble memories - low
maintenance and long term stability -  will make them
extremely popular.  The initial manufacturing probiems with
Lubble memories have been overcome. According to Ven-

ture Development Corporation, bubble memories will be a
226 mithion dollar businoss by 1985, 1°

Because hubble memory s priced nigher thaen disk
systems (mcluding floppy disk systemms) and because it has
poorer access times compared to main memory, the initial
api-lications of bubble memory have been in the areas where
moving disk memories are not suitable, like factory lloors,
or where resistance to shock is required, for example, in
automobiles and portable terminals. As the cost of bubble
memory decreases, it will surely be used as a substitute for
semiconductor and disk memory systems.

Hardware Strategies

What does all this meen?  First, it is imperative that
directors of university computing facilities maintain a very
flexible position with respect to installed equipment.
Equipment should be leased, and leases should be short
term. Purchase of equipment should be avoided whenever
possible .

1% See Computer Business News, 22 September 1980,
p. 21,
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An oexample ot an evaluation porocedoare to o evaluate the

[evse versus purchase decision s prresented o Figure 18,
Curve 1 shows the cost of outright purchase. The pur-
chase price of the equipment s o httle over 32 nutlion.  If

Sonchaned s the oginpment comes with o year's warranty and
honce there are no o mamtenance costs during the first year,
Ihe planning horizon s talen to be five yeoars for a total

cash o outlay ot 22502 aalhon. Courve 2 shows a five-year
lease purchase agreement using a third-party tease.  Curve
3 shows a straight lease cost over a tive-year pperiod,
Seotrce that the  lease  cost ancludes  mamntenance. The
shaded area 3N corresponds o  the accruals which are
shown tor g two-year period. If we make the very conser-

vative assumption that prices are gomag to drop by 300 over
4 two-year period, then the purchase price of the equip-

ment at that tine will be approximately $1.4 million. The
accruals are 3036,000 during that period, making the net
purchase  price tess than half a million. If this sum s
financed over the next three years, we will see a reduction
i cash fiow shown in curve 4b.  On the other hand, if we
maintan tne same cash fiow the machine becomes fully paid
for at the end of the third year. Years four and five sim-

ply  have the maimtenance costs, as shown in curve 4a.
This analysis was done for an actual procurement during
the summer of 1979,  The recommendation, based on the
antalysis, was to lease, with the strategy that if within two
years the price dropped at least 307 to go ahead and buy
the machine unless new evidence dictated a different
strategy.

Second, the useful hfe of computer equipment should
never be taken to be more than five years, with four years
more reasonable, and three years perhaps more accurate.
Depreciation allowances, where permitted, should be based
on 36- or 48-month schedules. Replacement allowances
should also be based on similar schedules. If local, state
or federal regulations prohibit these schedules, efforts
should be directed at changing these regulations.

Third, charging schemes for computer usage that are
based on a usage charge of 6 2/3% per year should be
abandoned and replaced by more suitable and realistic fig-
ures. A 6 2/3% rate inherently zssumes a 15-year equip-
ment life. No computer is expected to have such a life.
Even though computers are theoretically built to last
forever, factors like technological obsolescence, "increased
maintenance and operational costs preclude a long useful

life. For instance, the power requirements of an [BM
3707158 are five times as much (22.8 KVA) as the IBM 4341
(4.4 KVA). It also generates five times the amount of heat

~
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Lo, 900 RTU Comparedd ta 13,8000 By, The  total
cdifterence an coct b clectoicity ot today s prices can be
Aot D12 000 g e

errthe s B adeeandy ot thiat andy a part of the
e ocement s poce peertormanee wall come Tron g roved
techoloay o the rest will come from  economics of  soale.
Fhos . ande o there o averendimg conaderation ‘o o other
wiie those brodncts that have o have o potentinl of
Fan g o Large anstalled Hase shouid bhe chosen .

Prtth. the deamatic price  decreases o the industery
Bov e all Bt pegatod Greoecch s Law whieh statos that twice
the poren bagys bour times tho compater power  Cuarrenthy
tor o equivalent computer power. smaller computers are no

more expensive than lacger computers.  |s it hetter to buy
A Lirge mnmber of smaller computers,or a small number of
larger comoutop,” The answer to this queston is not so

Stearshtforsward op one sidedt as it used to bn.

foovee o b angle e small number of lacge computers
are aegqureent s Bhe e reased officiency of machine and per
el Larger gty and s shared software. Amongst the
devadvantaon of daeger avitems are greater overhead, lar-

oo remental aapansion and Greater gmpact of cauipment

Pl o e e Dy ractor s tda s are related bty Lo
el gt o byare, As will be seen later, the cost of
compating  wilh bhe  governed  not by hardware costs but
tather by neraonnel, software  and  communication  costs.

Vohereas there s no clear-cat recommendation for a general
canes bt can be o shown that nimicomputers are extremely cost

oftecUive g they can be  dedicated to single apphceation
G P

areans fvamples o administrative  processing might  be
hbhrary  automation. food  seirvice management or  medical
records Notice that none of these applications reaquires

any degree of data sharing with other institutional applica-
tions like payroll, student records, etc.

Sixth, as  dish memory systems become cheaper the
function of tape systems for storing user data will be

greatly reduced.  Tape systems will be used primarily for
backup and archival purposes. All operational systems will
run from disk.  Therefore, existing user jobs that heavily
depend on tape drives should be re-examined with a view to
moving them to disk systems. The argument against a tape
system for anything other than backup and archival is two-
fold: it requires operator intervention thereby slowing

down systen- operation; and, most of all, it requires addi-
tional personnel resources to manage the tape library, to
verify the quality and readibility of the tape and to assign

«
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and altocate tapes to users, The operating system resides
i sertual memory s the oser progeam resides  in virtual
memory: perbaps the time s soon commag when we should
e plannng for user data to reside e v ictual memory .

Personnel Problems

So tar we have discusced the drop in hardware prices
and ats tmpact on the management of computing.  The other
hatt of frgure 14 deals with software and personnel costs.
These costs are projected to increase at an annual rate of
S50 Let ns examine the personnel situation frest,

A report entitled, Science and Engineering Education
for the 1950's and Beyond. released by the Office of Sci-
ence and  Technology on October 14, 1980 paints a very
Lleak picture on the availabihity of computer professionals.
The shorteqges, the report predicts, will continue through
the 1990,

The very obvious solution to the problem is to train
more computer professionals in our institutions of higher
[earnime and theram lies the biggest problem.  There are
67 Ph. D o-granting  computer science departments  in the
LS. and Canada, According to the Snowbird report, in
1980 there were 1300 jobs advertised for only 200 graduates
with Ph.D. degrees. To make matters worse for higher
education, of the 200 Ph.D. graduates, 100 were lured away
to ndustry with potentially better research facilities and
certainly better salaries.  This has resulted in a very acute
shortage of teachers and researchers to teach computer sci-
ence.

There is another significant and alarming trend. In
1975 there were 2066 Ph.D. ~raduates in computer science.
By 1980 this number had dropped to 200. It is extremely
cdifficult for computer science departments to attract stu-
dents to the Masters and Ph.D. programs. Also according
to the Snowbird Report, bachelor degree holders get start-
ing industrial salaries averagiig $20,000, Masters $26.000
and Ph.D.'s 832,000.'!' With the very tempting salaries for
B.S. degree holders- it is increasingiy difficult to attract
students to the graduate programs. The lack of graduate
students ultimately is reducing the number of individuals

Y Peter J. Denning, ed., "The Snowbird report: A
Discipline in Crisis,” Communications of the ACHK, June
1981, pp. 370-374.
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capable of teaching computer science, thereby contributing
to the nability to tram more undergraduates to meet market
demands,

oappears that aur rostitations of hagher education are
not only unable to prodoce the requisite nomber of gradu
ates to o meet the demands, but there s also some question
of whether the graduates who do enter the job market have
the proper background  and  skills. The mission of the
computer scrence departments, according to Peter J. Den-
ning tpresident ot ACN and head of the Computer Science
Department ot Purdae Univesity), 1s to educate computer
scentists,  not to tramm students for ther first job  as
comptter programmers no bustness data processing organi-
sations, tF

I examimmea statistics published by IBM we find that
Loetore 1970 only 164 of the employees working in the infor-
mation  system area came with  a computer science back-
airourcd: the remaimng 849 came from business, finance,
oo v mwath and other discipimmes (with over 255 from

matht o ° Sonee 1970, B ot the  employees  came from
Computes sorence and o only LEL came from other disciplines
(enly 100 came from o math), It -qe statistics,  though not
roneos tatin e b the andastey as o whale, de opoint te a
Sraniti et tpeendd The  nwld ot intormation systems s
Bocoming so complex that 1t s increasingly important to hire
inchivacdn s with speciabized traming.  The pool of graduates

we chocee fram s therefore smatler than it used to be,
making  thrs  yet another facior that contributes to the
shortacge of professionals,

i his acate shertage of personnel is projected to con-
tinue for several yecars at least through the mid-eighties.
The shortage s already pushing salaries higher.  Studies
show that salaries are expected to increase between 20 to
240 troam 12/9 80 to 1981782, This leaves no doubt that

P2 Phiilip J. Gill, "University Shortcomings called fac-
tor in Personnel Shortage,” Information Systems News, 26
January 198

VY william R. Bradshaw, Jr., "IBM Examines its Per-
sonnel Planning,” [Information Systems News, 26 January
1981, p 45.

'* Dunhill Personnel System, "Career Outlook 81,
Information Systems News, 26 Jauary 1981, p. 40.
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calaey ot of the carve o bogure TV sl o e
Doy ool Lot 000 oy e e beages e e

Sottware

Sottware  development continnes to bieoa very labor

bty e e Achvances an wottey e development tech
vques have tallen tar behod advances o hardware tech
odony Frogrammer  productivity, an spate  of - all the
adverticed  tools available o the marketplace  has not
mmproyed subetantodly [odustey  estimates  indicate that
o tammer prodoctinaety has mpeeyvedt g average of 3N g
DY Sedtware noamntenance  alho continues to he o very
time  consumng  and  expensive  process., s software
costs are very closely hinked to personnel costs. There s
a notable exception: we find that application software for
microrompators s relatively  inexpensive. This is  troe

Lecause of the large numbers of potential sales of software

for microcomputers  and  because o large portion of  the
microcomputer sottware as developed by hobbyists in their
spare time . U as o cottage indastry .

Since software costs are hinked very closely to person-
nel costs, 1t s expected that its rate of increase will follow
the trends tor personnel conts, ot least unul more advanced
software development tools become available.

Impact of Software and Personnei

What then wil! be the impact of increasing software and
personnel costs on the management of computing in higher
education?  What strategies should be develrped to cope
with the changing situatien?

First, and perhaps foremost, lies the need to make the
salaries avaitable tc computer professionals in higher educa-
tion more competitive. This problem is particularly acute in
state supported institutions. Several states are re-examin-
ing their compensation programs with a view to bringing
them more in line with the realities of the business world.
Failure to do this will simply make our institutions the
tramming grounds for those able to offer more attractive
compensation packages. The salary issue has yet another
dimension. The salary commanded by a systems analyst
may easily exceed that of a tenured associate professor or,
say, the director of personnel. Data processing directors
command even higher salaries - sometimes as high as the
president of a small institution. These higher salaries can

o1
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sreeserous discontent amongst the  ranks  of  other
it sonals i the institution. Salary structures in some
s arde uniable ta deal with these differences. These

e B e b ety esponahle tar some anstitutions

arteactiieg for the management of their computer facilities.
Fhee prractor recenves  a o consulting fee and  hires  the
fece aisy anddividaals te provide the services. The institu-
Con thercfore, does not have to carry these disproportion-
ey higher pard individduals on ats payroll,

Second, we must re-examine the jobs (not the job
ceeepteen ) af cur cemputer professionals to determine what

Lol Potherr piresent assignments doss not require any
oL ter - eelated talents, These  unrelated  assigninents’
oobe shenld bhe reassigned to other individuals. Basically
e ratn o of  computer professionals to other staff in  the
mpeating center o vall, of necessity, decline. Plans should
Coeomebe ty anerate wath this changed mix.
Thudis tramang  and  retention  programs  should  be

triedd fnstitutcns can ofier special educatonal oppor-
tucities 1o ats employees at marginal costs. RKeeping an
crnploy ee chailenged and tramed reduces the possibility of

Fourth, efforts should be made to reduce or eliminate

Sitoroantensiy e tashs. Labor intensive tasks should be dis-
cwraged by first providing  alternate services and then
iricing the Labor intensive services artificially high.  Thus

Fevpunching should be discouraged by providing develop-
tent tecminals to programmers, by the design of better
coftware systems, by capturing  -ta online, and through

the se of optical scan torms. ' s« of operator inter-
vertion regusrements. (e use of tape: {.- application pro-

grams should be dis age ! S ‘/, mounting special
torms. bursting mult .- 1 e feet *he use of the
porinter atself shoule : !

fafth, it as be. ming i G nardwa-= vendors will
rmab e il efforts to -«duce - . . ating ¢ stem software
suppaort 2osts and - o o oo nve tment in that
software.  Thus thers il be 4 ontinuing trend for ven-
dors ot to dcoate soft. ce o support otaff 21 user sites but

cather provide the serv. o4 through o cen . -.lized response

Y One might be tempied to argue that “keypunching”
s onot o produgctive rse of the programmer's time but actual
experience incicates that online programming is indeed more
productive.

;
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canter. Further, new releases of software will come with
areater freguency  than before. Both  these factcrs  will
make ot more difficult and more expensive to maintain user
mechieations flocal mnds) to vendor supphed operating sys-
L Softnare.  Hence a systematic plan must be developed
to review ol Jocal miads waith o view of eliminating them.
Fhe waser madifications shated for ehimination  should be
staged tor removal from the system with the installation of
cach new release so as to reduce the user impact. In any
cane, as more and more operating system functions get built
it the hardware or microcode, the luxury of making local
modde may cease to exist.

Faoally . an ernvironmans should be created in which
users can do more and more of their own computer-related
work.  This would apply both to the operation of informa-
tran sy stems and to the development of software.

In summary. the economics of computing promises to

change and change significantly . A larger and larger por-
tion of totsl costs of computing wili come not from hardware
List frem software and personnel.  Energies are therefore
Letter expended 1n arresting the growth of these latter
coste. Lower harcdware costs will necessarily result in the
prohiferation of comnaters. I'his, an atself, 1s not bad, for

computers are not known to pollute the environment, use
any significant amounts of scarce resources (the world has
an abundant supply of silicon) or cause any exotic ailments.
On the other hand they do hold a promise a promise of
greater productivity and lower costs both essential ingre-
dients an o restoring faith in our economy.
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'...some minds are stronger and apter
to mark the differences of things,
others to mark their resembiances.”

Francis Bacon

Combined vs. Separate

Ever since we discovered we could use the same
computer for keeping student records and teaching high
energy physics we have been locked on the dilemma of
whether we should attempt to do both tasks on the same

machine. The proponents of combined computer operations
pomt to Grosch's Law to support their point of view on the
Lasis of economies of scale. The proponents of separate

operations point to the difference in machine resource
requirements for compute bound and input/output bound
tasks to support the position that a machine that does one
task well must, perforce, do a poor job at the other. The
argument 1s exacerbated by security issues. The impact of
data integrity, security and privacy on administrative oper-
ations is keenly felt and generally talked about if not actu-
ally monitored. While security issues are every bit as
important in the academic community, too few faculty recog-
nize tust how significant an impact a security breach {or
lax security provisions in general) could have on their
instructional or research efforts.

37
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i+t h Daints ot Lew are overstated andd o ew
e fiined e bBoth o software  and  hardware, s constantly
changimeg the purameters of  the  aragument. The general
et et e tesed s racess control has broadered
thiee argoment bHetweon thoae who see the machine as a data
prrocessig e oe mpat outpat bhoand and programmed  n
COBOL theee whe Sen 1t as o computational device, com-

pate ey de beornd aad peogrammed n FORTRAN: and those
who oew  the machine  as an automatic control  deyice,
matrnction set hound and programmed in assembler. A new
Generation of computer users weaned on graphics, interac-
tve languages suych as APL or very high level, interpraiod

programming svstems probably sees 1t gy all three. {
Geven the cverstatemant ot each poant of view, the dile:
Femans . Networking,  once viewed  as  the solution, o

clearly  has only  moved the domain of the problem from
hardware to sotthyare.

ha e of combined  vs. separate has  historically
B ve e an fovor of combined, until such time as a
Ceriticol o G computing capacity has been  developed.
At that poant, the prospect of amigrating to a new system
with ditterent control language,  access methods, tanguage
too creates an anectia against change, On the
cther hand o cancnuraging change s the prospect of more
powerful compitere,  special purpose peripherals, or what-
ever. If a 30-year history is any indication, most organi-
zations  can ook forward to a continuing debate, first
resolved in tavor of one concept, and then the other.

Pyibesige e, i

The first three generations of computers brought us
from stow, hands-on, small storage, limited peripheral
device systems to fast, interactive, mass storage systems.
In the process of this transition the computer system began

to be seen in depersonalized, assembly line terms. This
transition precictably left the user feeling disenfranchised
and estranged from the whole process of computing. The

mystique of the "computerman” developed and was accompa-
ned by an ancreasing anxiety on the part of those people
who depended on the results of data processing but were
not computer literate. With increasing numbers of business
people trained in computing as part of their university edu-
cation we can expect to see an amplif. .ation of the pressure
tor usmg cuomputers as we use the telephone - an increase
m the support for distributed (networked) computational
capactty.

Coming  hand in-hand with the qguestion of combined
vs. separate s the issue of where to settle in the central-
1ized ‘decentralized spectrum.  This is not a hardware issue
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but rather a question of how most effectively to develop

and utlize software. At this stage of computer technology
this s probably the mare important question.  Nany of the
S e woteomy ot woale, transferability  of  data,
i atien of perpherals, et impact the decision on
cents ahization, fttut ot averriding mmportance are manage-
ment resaess Whide it s useful to speak of the effect on

the Hhottonr hine on the corporate balance sheet, 1n fact, the
centralization rasue s seldom ever translatable to suck sim-
ples unambigaous terms (and ot as not clear that many uni-

coerstties have o bottam hine expressed n dollar terms). To
what extont to decentralize 15 more typically a question of
donvement sty le o aned bboaon by I administratively

Aecentralizod sraanizations one would expect to see a com
plimentary decentralized software development structure and

just the oppeesite for highly centralized orgamizations.

Phere w not an optimal level of software development
crnteahzetion for all organizations, but rather an appropri-
wte desel for gy iven organization which best suits its

GrGamisatienat and nanagerial structure. Top management
peraonabities aeade Dwhoch s a BIG aside) . the university
mey e viewed an several perspectives. Functionally it may
et by Lo campns o selling a0 prodicet edica -
toon Creograptneally o U may be an enterprise of diversified
activities operating over a wide geographic region. It may

also be seen as o high technolagy, research and develop-
ment enterprise with supporting manufacturing and informa-

tion dissemimationr arms. And so on, for a number of other
percopticns of the university, all held by different people
at the same time. These viewpoimnts might lead to any num-

Her of configurations for software development and program
SHpprart.

In many universities, data processing has ended up in
accounting or the controller’s ofice because of the histori-
cal accident that the first data processing efforts began
there.  Whatever (he ultunate choice, for whatever reasons,
1tots oncreasingly hikely “hat there will be some university
data processing staff with at least oversight responsibility.
This seems not only unavoidable, but justified, in the light
of computing expenditures which commonly amount to five
percent or more of the operating budget.

Management Techniques
Too many data processing systems are counted as fail-

ures.  Tlus statement applies equally to the hardware com-
plex  as  well as specific software development projects.
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Poolure s measured  in many  way s, budget  overruns,
schedale shppage, o response  time, inadequate system
asress, exncessive hardware down time, and so on. The
Pt it ctation s by aser dissatisiaction wath o the
ool t dalivered. Today 0 network  environment  only
Caoarerbhates the perception ot farlinre ot s frustrating
Cocope wath peodbdems when you can tadb to a knowledgeable

cperator, unagime how much more so when you are at the
cther end ot o 2000 pule telephone hine and all you can get is
a baasy signal,

Ferminology may well be at the root of many, if not

ot bt o b Weo hnve long smce qgraduated
feom e can ey data to g on hernstic o warld of inforimation
sy stoms, It s o dangerous anachronism to refer to what
takes place n the university computing complex as “data
procesaang - The processing of data in the historical con-
test o the Hhease mabes up a very small subset of the lar-
Ger problem of o managing  information systems. To many

nsers,  the computer complex is  totally transparent (even
tovasibios and s ween onty as oa high speed printer, or only
as o text ehitor, or only as oan archive, or only as a cash
regrster,  or oonly as oo swaitching device, or only as

ooy proboabdy et thie ot Slattagement must learn to see
the o anpster network o the same hght as 1t s viewed by a
my riach of  disparate users as an information system, not
st something which processes data,  We feel so strongly

abont this pomt that we shall hereafter refer to the totality
ot hardware, software and people as an information system
and attempt to deal with the question of information systems
management.

One ot the trustrations of managing information sys-
temms 1s the user’s seeming intolerance for, and lack of
understanding of hardware problems. The fact that 98% of
the system s operating  perfectly hardly placates those
nsers who need to use the 20 that is down., If one is a
bohiever in Muerphy's Laws, then the 2% which is down will
eftect ot least 00 of the population. Any well designed
system should provide some level of hardware redundancy
commensurate with the probability of failure and mean time
to repair of hardware components. This is particularly
critical i a teleprocessing  environment where a  cozen
frve cecond farllures are significantly more disastrous than a
stngle 20-minute outage.  The terminal user who sees the
system go down twice a week during his connection will
understandably view the entire system a failure.

While the number of hardware systems perceived as
tlops 15 a well Lept secret, software failures are a constant
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subrect  of  cofiee  table  Gossip. Software  failures  are
cortanly easier to sdentify  and more pervasive  in their
vivdhle mainfestations., One reason for this may be our
v ettty b plan s wpecify and set pertormance standards
o ach coprous deta] taor aoftware systems.  Ther failure
to et criteria are obhyaoas . dn many cases, performance

criteria tor the hardware camplex have never been estab-
Poand tarthuee vy gudaged sabjectively rather than objec-

by

T el

setore diccoussimg tormal organizational structure 1t s
anly tare to retlect an the structure that actually dominates
the carganization Ve b all heard that ot s really  the
serageantt whe run the Aermy and the secretaries who run
the oftice, and there os more than a httle truth to both
chiseryations.

Fhe best analogies te the business organization are
those drawn from bology.  The organization is like a living
P AT s Seme of the cells are dying and being replen-
rehed, other tuanctions are atrophying from lack of exercise,
some colle are aut of control and must eventually be excised
for the grad of the whole organism.  So it is with business

cresarnrations

Irrespective of a person’s slot in the organization
chart, his or her ynfluence and capabilities are seldom dis-
cernible by measuring the number of levels removed from

the top of the chart. [ersonalities, politics and persuasion
atl contribute to getting the project approved, funded and
properly completed.  The discerning manager finds ways to

use all three, in concert with the formal organizational
structure, to accomphlish the task at hand.

One of the hallmarks of the successful information sys-
tems manager is the ability to identify the underlying infor-
mal organization and to bring it to bear on the problem at
hand. It seems that large organizations are destined to
become compler and bureaucratic.  The capability of utiliz-
ing the informa' organization is sometimes referred to as
“cutting red tape” or “bypassing the bureaucracy.” In any
case, the larger the organization the more critical it
becomes to understand the informal organization and to be
able to mobihize it.

Most contemporary management structures are hier-
archical, that is the reporting structure is a pyramid.
Complementary, compatible or coextensive functions are
grouped together in so far as the top of any sub-portion of
the pyramid is able to coordinate and administer the activi-

61
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tios . Fhis convdination s qenerally referred to as span of
control which as typically measured in terms of the number
of subordimates o supervisor can control. Optimally this is
thiee to n s wath cight or ten representing the upper himit
ot ettective  control, [his process o repeated  vertically
et g sngle top pormat s reached, hence the pyramid.

Hiccarchical stroactares occur frequently in nature and
anthropatogists postulate that 1t s the natural organizational
Structare for man. People join in families, families in
clans, <lans n o nations, etc. The prevalence of hierarchical
managemeat structures has led to the terminology of top,
mddle and tancto gl management, where we distinguish top
managament by ats globhal, Tong range viewpoint: functional
management by ats local, short term view; and middle man-
agemeni as anformation filters and facilitators passing infor-
matton Lack and forth between the other two, providing a
feedhack control channel, The operations (console opera-
tors, tape Ubrarran, printer operators, etc,) section of a
Compuater Center is an area within the Information Systems
Department wherpe herarchical organization has worked well.

The ditficutty  with hierarchical organizations is the
Facko ob Clear, organmization wide qgoals and the fragmentary
nature of anformation possessed by 1ts employees, particu-
farly those at lower levels 1n the pyranud.  This is one of
the factors contributing to the lack of understanding of
mmtormation systems in the organization at large.

One of the hallmarks of software development has been
its nabihity to dehver a successful product under normal

hierarchical management structures. Most  major software
development projects currently feature some form of devel-
opment team. ECmployees may be members of several con-

currently active team<, leading to a management structure
in which the organization chart 1s more like a table or
matrix than ot s hike a pyramid.

The structure probably developed as a consequence of
the early, extreme specialization of people in the computer
field. Scientific and commercial programmers quickly parted
company over the issues of programming language and stor-

ade  requirements. The control software programmers are
aquickly parted from them both.  The rise of data base man-
agement systems, teieprocessing systems, networks of tele-
processing  hardware, etc. have all  contributed to

fragmentation through specialization.
2 3

{')
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YU e e by bttt e any magor sott
Lecetopment eftort that
o not egire the conedimated ettorts of specialists drawn

vete b o thiat matter hodw e b

T R LTI IEEN Fresenthy thoewe oy
tre et by et e by ot oover a o substan -
| NI S N N PRy FTRYTITRY B SR Y Hicrarehieal management
ston tare s aee od el e b handle sach temporary,
poer i e e et Fhe L concept, o vartant of
Mot oo penent . o the poevalent andodry response to

e ey e el peagec t

Foeporting Structures

Pheeo wovm to Le two o bhanie methods for determnng
thee roporti: Cogctare of the Intormation Systems Depaict -
et Chone eyt fedd wame amenable vice president who s

sorlbiogy Coclban o) Lo prt up with the headaches, the
cther o bipd the orgamizationally  rational reporting  point
for dtoformation Systems. Having said this, one observes a
fot of thee former an the latter.  Certaindy Information Sys-
tems o ontrdortions ta the total organization can be stifled

4

by o hoss who s neither Foowledgeable nor sympathetic.

St b s e By e e the dvantages of o activ e,
Attt b w ey sething to tabe the time to understand
the probloms and carry potential solutions on up the mana-
gertal ladder . Lagually apparent are the disadvantages of
reporting tooa boss caorght inoa backwater of the university
whao s unable to bring to bear the concerns of his peers
for Intormation Systems  problems, no matter how sympa-
thetic he may bHe to Information Systems related problems.

A guick ool at to whom and where the computing
enterprise reports will say a lot about how much Information
Systems  can,  or  should  attempt  te, accomplish. While
Information Systems are the backbone of many universities,
there are as many more whevce its role is less fundamental.
Ambitions  projects require  strong  management  backing,
something which may not be possible to procure in situa-
tions  where Information  Systems  has a  weak  reporting
structure or 1s not perceived in the mainstream of the uni-
versity enterprise.

The farmation processing function can generally be
dontified as existing within one of three typical organiza-

tion structures.  Most large organizations are already over-
burdened with  staff reporting directly to the chief
executive officers.  Newly established data processing oper-

ations ave frequently placed in the staff role, however. As
the operation grows and matures 1t is generally spun off to

6
Y
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one or omare of the line operating divisions, I'here is a
trend  to revave  this relationship for  the organizational
Intormation Systems Conrdinator (and perhaps a small staff)
with prrogranmming, systems analysis, and operations report-
it to estabhished  hine managers. In those orqganizations
and andustries where  Information  Systemns  is extremely
important,  there s an ancreasimg tendency  toward  the
catablishment of o NVaice Presidency for Information Systems

orosame such titles The more typical environment is one in
which the Information Systemms organization exists at the
cepartment  leved Extreme managerial lratson and  under-

standhing may be necessary to pursue a service center role
o thie ensrronmernt

One of the contributing sources of lack of good com-
munication  Hetweeo Information Systems and users is the
Steacture of the onformation Systems Deparment. A glance
At the  orgameatioon chart  of  the  Iniermation  Systems
Drepactment swill Ggenerally be sufficient to predict the status

ot tnformation Systems,'user  relationships. Surprisingly,
many Intormation Systems Departinents have no formal user
contact poimnt anywhere n therr structure.  This situation

soems  rouaghly  equivalent to a computer  vendor having
Adeedagn, engmecring and manufactormg divisions bhut nary a
trace of a sales force. (Come to think of 1t, we believe we
have dealt with a few hike that))

Ihe ultimate, if not usually immediate, consumer of
[nformation  Systems  services is  located external to the
Informauon Systems Department.  Some provision for formal
contact must be made in the structure of the Information
Systems Departmient, the higher in the structure the bet-

ter.  In qgeneral, we could argue that a “sales” or "con-
sumer affarrs” position should exist at the level immediately
below top Information Systems management. As this posi-

tion becomes further removed from top management, the
user correctly perceives his influence degraded and senses
that his opinions and needs counti for little.

One of the real sadnesses of many computer organiza-
tions is their almost total introsnection. They operate as
though in a vacuum, totally div- - ed from the needs, aspi-
rations and expectations of the rest of the university.
This estrangement frequently surfaces when machine utiliza-
tion records are reviewed. The introspective computer
department frequently accounts for 50% of all computer
resource utilization. White this may be evidence of poor
management in many cases, it is always evidence of an
internally focused operating philosophy.

65



O

ERIC

Aruitoxt provided by Eic:

Hi

ORGANIZING FOR COMPUTING

SECURITY AND DISASTIR 2LANS
DENTIFY POTENTIAL SOURCES
A - RISDIG TREEKS AND FLGCDING ©F MACHINE 300
B - APPLICATION PRCGRAMMERS CAUSING 5¥STEM CRASH
C - QPERATOR MOUNTING 'NROIG FORMS
EVALUATE DOYN-TIME COSTS AND CYLSEQ. DAMAGES
A - 10TC5CC - I BOLLARS
3 - 1L.0GC - N DOLLARS
¢ - 306 - N DOLLARS
ZSTIMATE PROBABILITY FREGUENCY OF DCCURRINCE
\
3
“

R ¢ Belsistelotatoion

- Q0
0.0CCS
B CCorPUTL PZUATIVE COST OF PROTECTION
A - 4,0CC.OCC = 0.06CICCCC! =~ 0.0C4 - N DOLLARS
3 1.00C * 0.00! = 1,002 - !N DOLLARS
< 300 + 0.0GC5 = 0..80 - \N DOLLARS
Figure 21

TYPICAL PLANNIMNG HOR{ZO:

A 3 C 9]
—@ 20 ,@\
A ~ R 5t
ANALYSIS peagipiLiTy —_
BUAVITO oo DESIGY 3
aweeRs S UELE Cuerrs o -
SR CONSTRUCTIC ~ F
0 WEEKS TO Y
0 MONTHS TESTING
| WEZX TO
T MCKTHS

PROJECT MILZSTQNES .
A - UNABRIDGED GCPTIMISM

B - UNCRITCN. ATCEPTANCE

C - WLD: CEM

D - 1CTAL o

T - sEarc CCZGULTY

Fo- PUNISEL.. ' 0T THE INNOCENT AND

PROMOTION OF THE NCNPARTICIPANTS

*  WiITH APCLOOIES TO P.C. CANNING

Figure 22

. Ia)
CYrd




O

ERIC

Aruitoxt provided by Eic:

ORGANIZING FOR COMPUTING 59

This bind of an operational phitosophy acts as a brake
anannoy ative computer apphcations and farls to exploit the
Obagiaty of the compater, Goad user relations are {ostered
i the Intormation Systems organtzation that sees atself as a
vurvevor of resources and o faohtator or catalyst in the
man s bone sy neragran Lhe rejornder to such an open
Dhidosaphy s that we shoald soon “has e the timates run -
ming  the mstitution. ™ The stampede o some organizations
to the personal miceo nnne s hittle more than the user vot-
g with s feet, expressing hrs feelings regarding poor
service trom the Intormation Systems Department,

Job Shop vs. Utihity Operation

vYidospread acceptance of networking will hikely render

moot the aaae of ol shop vs. cost center operations.  Our
ubial moede of  computer usage was probably most akin to
that of o hbrary. The emergence of the microcomputer will
probably engender  a resurgence  of  demand  for  this
Nands on se of compuaters., Hiowever, where ecconomics of

scale have indicated the need for a large scale system, the
debate over o whether to operate 9t for hardware or people
citicrency  will contimue. The manutacturig industry  has
rather conclusively demonstrated that where the machine is
the critical resource, job shop scheduling techniques can
p.ooduce  significant econeomies in production. For those of
s 1n computing the critical question revolves around the
assumption that the machine (in our case, the computer
hardware) 1s the critical resource. All recent industry sta-
tistics show quite clearly that software and software devel-
cpment costs are increasing significantly, while hardware
costs as a percentage of total operating costs are decreas-
ing. In fact, many industry observers suggest that soft-
ware costs already exceed hardware costs and should
shortly represent something on the order of 75% of total
operating costs, If this be the case, job shop operation
with scheduled run times, pre-specified resource require-
ments and predetermined priorities make less and less of an
impact on cost reduction efforts.

To significantly reduce the costs (or improve efficiency
of the total operation), we need to first attack those areas
where the expenditures are largest software development.
This stqggests that rather than optimizing hardware we
should be optimizing the efforts of the people who write the
software. Such a point of view permits a less optimal use
of the hardware resource if that consequently permits
improved efficiency in software development. Such a mode
of operation is commonly termed a cost center priorities
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determmed by purchaang power,  compoating renanrces old
oo the highest bidder o ta speakcs We will wpeak more on
thin rovae tater, but we chould be gheefal not to confuse
thee comt conter phdonor by with the adea of buaying hardware
o chvaate management  preoblem . ot conater operation
teepires asomach, b ot more, manacgement control than

does b hop aperation

A smphistic approach to viewaing the problem might be
to construct o decraon matri o which mode of operation s
meanureed  against computer system  requirements Such a
mateax could  conguder the  bnportance  (weight)  of  the
regucrement too overall compoting resources as o well as which
mode of operation carteibutes most to the satisfaction of any
particular  system  resuirement . I'he resualts of Lach an
analysis will nvariably  favor the cost center or  utility
u;);xl'llrl(’l\

Perhaps the most difficalt problem faced by Information
Systems management s preparation and defense of budgets.
This  trequentiy  happens  because  top management  sees
Information Systemms to be somehow outside the normal man-
agement ctructure. Certanly for computer intensive organ-
reations ot s hardiy ever posaible to sell support fevels at
anywhere near  the expectations of Information Systems

users,  This frustration frequently leaves Information Sys-
te management in the precarious position of viewing their
users as the “enemy.”  Quite the opposite should be the
Case.

This pent-up demand on the part of the users should
be the strongest weapon in the budgetary arsenal of the
Information Systems manager. Those operations run as cost
centers should additionally be able to harness user competi-
tion for priority of service as an additional selling noint for
expanded Information Systems operations.

To ensure equitable Information Systems budgets, it is
probably appropriate for the Information Systems m.oager
to see that computing needs are viewed in the con‘c.t of
total university operations at budget time. Being a part of
the wusual push and shove of budget making has many
advantages, but perhaps the greatest is the latent demand
of users which ran be used to create a strong case for bet-
ter budgetary consideration. Information Systems manage-
ment should exercise some restraint in dealing with the
issue sure to rise: "Why can't we spend our money on out-
side services, or for paper clips?”’. Unless the computer
operation can bank profit (not normally recommended in
most Intra-university operations), it has no way to adjust
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: : [ the mark etolace Ay naamics and planning
ctanties when ats pormally Tcaptive”  customers  are
dncete rreedom o an regard to spending therr Infor-

o s nteme bagdoets Fhonweser,  consistent  with  the
cob marccerent pinlesophy of the university, computing

N e Be eschangeabde for cthee dollars and vice

e cpton s tor providimg Information Systems sercices

' thoe aicersity are many  and  varied. It 1s becoming
Lo ghy rommon to purchase both speciiic purpose sort-
ot hedw e services. The "not invented here” sy -
ottt adiy to has e tallen eyt the realitios of

T § ]

oo very hest o coftware packaqges are

e ctedd by Conpanies . not o in the  mamtrame  business.
ol purs ase settware s frequently contracted for from
caltag viems whieh specialize in specific secments of the
et e Sy stems markbetplace. Less typical is the use of
el e service bureaus n lieu of in-house data
Lo saahities management contracts for the operation
the o hease center. However, the national time sharing
oo S represent one of the fastast growing segments
" et ooty mark etace . Ia fact, many um
e theere e U eaperione o an anteractive or online
Corve wathe thee time sharing nietweorks

15 anereasinogly hikely that the cost conscious
et Systems manager will losk to the speciality sup-

e e haedveare and software  services that he lacks
e tios o orttical mass of users to support. It is curi-
oot ctseeve the number of Information Systems managers
wtee Lt fter nooanteractive seorvices to their users on the
banee that they lack the hardware or control software to
cipeert online systems . Aany such managers will see their

conters lost to oo plethora of micros and minis if thev do not
ool me way to satisfy the user’s increasingly voracious

Ar ettt fopr o anfhine sy stems.,

e conventional bateh dnformation Systems mode  of
ciotoation was antroduced with the first generation machines
e the mid 1950s . e complement this mode of operation,
bateh processing languages such as COBOL and FORTRAN

z developed  and well established by 1960, It rapidly
oo apparent  that  the full potential of the computer

we ald not hegin to be realized un*il indivic sers were
given personal access to the system with atural, or
av least more interactive, programmirg lai . By 1870

the telety pewrriter and CRT had become reliabie 1/0 devices
usec dna time sharing mode on most larger systems. About
the seme time, anteractive languages such as JCSS, BASIC
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and  APL were developaed to  facilitate  the man-machine
L neraiem

During this soane tome pemed, signinicant acdlvances in
the une of the computer as a  real time” monttor and control

dicvice were madde, Sinice then, esceptional advances have
Lresn madde n smproving  the one  real weakness of the
computer its nput output  capabilities, Plotters, wand
readers,  computer  output  miceoforms,  digitizers,  mark

riadtors, remote sensors and even voice recognition equip-
ment are on the market which are reiiable and cost effec-
tis b Unfortunatery, particularly among the smaller
(Lot n Sy stems onorations, we sull see the philosophy
ancd technigires of the 1040y bLomg apphed to the problems
ot the 1980s.

Security and Disaster Planning

AMont Information Systems Departments lack a specifi-
Caliy Gemiguated, dong range planning function.  This s
moat frequently atteihntable to the small size of the Depart-
ment, Lut frecguently o the case because everyone assumes
someone  else 1s doing the planning.  While we could not
overemphasize the importance of such a designated position
in the orgamzation, we must nevertheless recognize that
such a position probably does not exist.

Infarmation  Systems  software exhibits one of the
extreme forms of technological obsolescence. Most major
software efforts require from two to six years to complete
and therr time to technological obsolescence is about the

same. While this does not seem to have inhibited many
software development projects it certainly creates severe
problems in the planning area. Even if software develop-

ment efforts are amortized over a five-year period (which
miay be good bookkeeping practice) we are hardly ever
ready to begin major system re-design in so short a period
of time.

i fact, many good software projects will attempt to
anticipate the state of the art several years hence so as to
prolong the useful (or economical) life of the project. Even
s, we are dealing with hundrads of thousands, if not mil-
lions. of dollars of development effort. The optimum payoff
to the universitv will not occur if these software develop-
ments are not married to the enterprise’s long range plans.
One could not emphasize too strongly the desirability (if not
necessity) of having the Information Systems staff repre-
sented at university planning sessions.
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Stoeme end o the soale oach reprecentation provides
thee Intormation Sy stems staff the o rortuinty to react to
g b D times Beetarne they have Lecosme frozen in the
Vit oty e a et nlan At the other end, the POsI-
tioe cordtesnatio s o the cddgeatiomal enterprise from Infor-
Mt oy Ltem oo b todded et the long range plans and

e thiat ton manageiient s areness  and  empathy  so

e e aar, gt hadhoet toanee

G ot the planning probilems  which typically s not

act e has b do with dhisasters. The definition of
oter depernde o who s ympacted . and may range from a
Mo oot o e b the Chish ddeives to the total destruc-
toon 0 they harebw e o lon by fr e father ond of the

Jisaster spectrum carries with o at o the potential of driving
thee unnversity oot of business,  or at least creating an

snbeerrabde slocation anoats scheduled operations .

Pact oand parcal ot planning responses to disasters s

the e gition that tatal problems  do not require cata-

o ey or hardware. The probabibity of serious loss

dissatintied peraonnel bent upon revenge, poor physical
ooty and mpeope ey, snpervised and planned systems or
e raticns Changes s omuch higner. Consequently, disaster

planning should attempt to assess not only the magnitude of
the loss fend the cost of consequent recovery) but the
probabihity that such o loss might occur. One of the iro-
nes of our profession is the Information Systems operation
that Lacks g ats cmtical files in at least three impregnable
vaults or caes and has backup provisions to use any one
of three other nstallation’s hardware in the event of a
catastrophe while allowing unknown visitors to roam the
mac hine room and amplementing no software security levels
onoa syvstem which can be accessed by anyone who happens
to hin e ocess to the public phone system.

We shiould alsa recognize that exposure may be equally
as tatal as destruction. Security and privacy are concerns
that go hand o hand. 1t s still considerably easier to
aceess sensitive information n some user’s trash can than it
1s to tap the data hinks or “trojan horse” your way into the
computer system. '

Development vs. Maintenance

One of the most frequently heard complaints of Infor-
mation Svatems Departments s that they can not get any-
thing done because they are always “fighting fires.” One
could observe that the fires probably represent the work of
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: Tl i stem Department gyl
A PR toract the  fiee Dighuna™ sy -
' ETRRRS I abiettad by the dodorma-
, R " L et eeea the aer and Information
L e et coecmead thest iy change he
, . oot o comptational enyelope  of
oot s Bt thie e g Fiacteqiate system
: vy oo the b bt the gser's needs

o e ctewee st rather than Jdynamie . Unrealis
. B e S L LR PR R aperation, from data ontry to
[T e et the process a myseery  to the

- SR PR Coeelication olao contrihutes to the nprob-

e e e b s s e an ntiite regress,

cot e e oy byt e woroddo ot have time to
o bttt derstanndhing, vl Jeads to more fires,

S e et et b e oned system design, which

[ vl wos oL ad fausoum. An organization
et it bt anto. o already deeply mired in,
peotee St i ome has o dong term project if it s
[T T T Fhee Thiee figiiting” syndrerome can ba proe-

it N : 1 feririnloey ot P oy, ’!:17’(1\‘-(1f'!' l"'«.’vhf“,’ll"(’l
Criratensor apgeades. wdden and  unexpected

ot the colume b the work load; conversion  {rom
ot vt tive s hardware nstabihities; and just plain

oy st e

vitiecnghy o ome of the principal reasons for Cfire
G the daveloment of syoatems that are ntention-

Caeagned t b supervised and cun by computer nro-
: ials Fhe ueere Department interface with the system
conterstinnadly hroted e A furmatted sheetl for hand entered
weit clate and same conglomerate output sheet that yields
avery e eivable o status of  the  system. This design
Bola oby s Srequently fosterad by the Tlet us do it for
Gttt e An attitude with some rationale n the 1950s

et ot rmation s Sy stems waos tryimmg to prove atself, but
toaradi hesgshicable for the 1950 |

Far these and many other reasons, the computer oper-
atinn bhecomes totally immersed in maintenence (and opera-
torowath ats ancident run books, etc.) to the almost total

cachiaor of  dovelopment. Such obsolete, patched-un sys-
fomn eventuatly broeed aoserge mentality on the part of the
Prtormation Systems  ataff . One  non-solutinn frequently

sroifered s that Twe will undertake no new development
b we gt Gure cureent shep i good order,” Referring to
o bslogical analogy, o system which is not discarding its
Sl and malfunctioning cells  and concomitantly generating
new o fleable replacements, will soon perish.
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St lorormats o Sy atems Depar timents suaffer fron g
4

oy derined intertaea wth therr cactomers What antor

P vl ewt o sl passe e, reacting to user com-

I ERNARN ot g Fitt il v TR tormal fines of
Comn et Fhe argument can watefy b macle, 0 the
et e Ut thie cce ater aperation exists only to
perees e et Lo o g thie et ot the organtzation
Fostiver than el cther denartments g thee organization
whoat thy bt e e by computer, the Information

ems Departent shoold bhe o educating them o the capa-
At b mndber s computer sy s1ems .

! o bttt Ty s g rtment . chould bave g

TR R A FEN R Pty at a0 high dev el which
ts the tone and tenor tor development with the Inforima-
e Sy stems Dapartmont Education and consulting should
Ceethe halbmarbs b thas groap. Perhaps the Lest model we
sl et wonhd beo the time sharimg companies. in-house
ot o onedacted on a0 oyehic schedule,  should provide
st ot e st eifectinve means of openimg communication
Dt s setinars shonld he o shoprt, an hour or two
aohay Derhages enery ather T day for a week. The topic
RN " Dot et iimediately an terms of  the
Uathin aned sk ot thie target departmoents., Ihe choice of
rstractoes s critic b andd shandd not necessarily fall to the
persen most Foowledgeahle n the particalar topic. The
Cobasarcom’ Ghould be carefully  chosen with an eye for

mtarmality s g to encourage open discussion  and  frank
Ghestions g terendly atimosphere.

The User Servicns Division should  also maintain a con-
sdting dtatien (and phone pumber)  where  knowledgeable
members of the Information Systems Department soend their
till time . prepared tao answer guestions, provide consulta-
ton an o system problems  experienced, and generally
nonstrate the Department's desire to be as helpful as
posaible ta ats customers.  Again, the most krowledgeable
people are not necessacily the best consultants tact and
Coarrtesy gnay

beoeven more amportant than raw knowledge,
A Good consultant or consnulting group will frequently 1den-
tity problems betore they become disasters.  They should
be anoan excellent position to suggest modifications to the
vperating system or procedure libraries based on their con-
LUty contact with user problems.

Summary ntormation on system performance ought to

be made available to users as well as top management. This
might take the form of a well conceived annual report or
some siunple maonthly  or bLimonthly newsletter. In either
case. news stories” or successful applications may do a lot
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ook anterast an Cunpating o those ddarl corners of the
r 1

]

coreasation that o havee beon heldineg ap information system

T AT N A

Froaluation andd Audit

It certeeal that the Ttormation Systems Departiment
partiorpate o the process of  evaluating ats performance,
coen mere so oan those aituations where top management witl
el or dees not teel campetent to. An outstde evaluation
choald e condocted gt deast once every three years and
e otten chaeeg ety o hardvare upgrades or exten -
v ot e looment offorts Fhe outside evaluation
can bie cne of the most potent weapons the information sys-
tems matager can awield ot budaget time as well as helping

et ably o mproving understanding on the part of top
piatagement and mapor user departments.

Atoapie priate evaluator or avaluation team could be
e teddi crora a0 Lt nrovaded by the Information Systems

bt b to tegs management Sevaral af the big eight
Gt doeme beeoe Jhioeaa that dothis on o reqgular
G gt fhere e any namber ot consultants or firms

whrch o can b an cotatandhing b T competitive pressures
et the cotormation s tens managers of universities of
the  wame oeneral Characteriotn . who are responsible for
Gimlar woale onerations constitute an excellent source.  The
ot ot a0 reanonably  comprahensive  outside  evaluation s
et when compared te henefits gt waill likely produce.

[he aoda review tversity goals, performance

Stancdards and systooa, 0 and operational procedures.  The
arditars whoaald he encouraged to dentify  operational
wtrengthas as well s weaknesses. Such an evaluation
shoald alse cancern itself with Ludget, reporting structure
and cther managament concerns.  We are always amazed at

how the ogtsider <eems able to cateh the attention of the
osn andd get him oanvolved inoa problem which we have been
i f

telling him ahout tor years. A good audit will generally
viestigate securtty  and backup  provisions, compensation
levels and staff and user satisfaction. While one never

capects to escape unscathed from this kind of searching
iy, a well managed operation will be perceived as just
that and ot may be a plus to deatify areas that need
more managemont attention,

Ay well as encouraging external review of Information
Systems operations o sirong case can be made for continu-
G oanternal oversaght Unlike extecnal audit, this function
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ot o serformance e b bhuat o ratheer pelicy oy e Sich
e rnal Grons are teagenthy called Gtecrimag commitiees,

e hemgiating the goal establedhment rather than per

oot e it e b

aohoa comnnttee s heol b b rolatig ely smiall, st
gt membeers s and choneedd by thie person o whom o the
Voot oo S e i ey Pt e memberahip

Qb be deav s trom nanagement one the same or higher

foon, ol

v the Tincrambon Syatems Manager. Tts freguency of
rectiog vl e ne haghily correlated swath the level of new

e elopinenty i the comiputior operation. The charrman
e Dot e e gt e it e o ot cddescond b the
ot s e el beecedl s Baat eather cancerns itself wath
P ocange shanning, strategy and performance  standards,
Phe eanager of the fnformation Systoms Department should
nee e reap ach as many Loards of directors are used

oo e bees b tuture expansion, to delincate priorities
At e tabbe b the poerformance standards ewpected  of the

coatty gt ooty

Srchoa commttee can become 4 ostrong force mmoopening
chtgn b hanned o ekt thie e community and o
A cicments of top maneepeents [yscuassions n this com-
mttee sheabd hoth broaden the dnformation Systems Manacg-
»rs o perception  of  the whole  organmizatron,  as  well  as
sigmihicantly amprove  othier managers’ perceptions of  the
wipertance and contrmibution of Information Systems to the
total Lusimess  onterprise. The committee could consider
suchoatems as the impact of a4 new telepraocessing system
it Dotential tor negative mmpact on existing systems and
conuld hecome a0 strong vearce for the necessity of hardware
npGgrades o avord degradation of current systems. " e
commnters could help dofine perfarmance standards (ave e aqge
arominmal acceptable rosponoe times,  etc ) and become a
strang Iobbyist with top managarent for budgetary changes

to heln achieve these stanchareds

Renneth Kolence, developer of the PPE and CUE soft-
ware monitors, has characterized the field of computer per-
formance measurement as “a set of numbers in desperate
search of umifying principles. 7'° We find ourselves not only
contounded by how  to measure but also,  unfortunately,
what to measure. tven given some nturtive sense of what

o Renneth Kalenee, "Software  Physics and Computer
Porformance Measurement,” Proceodings of the ACM 25th
Natonal Conference, August 1972,
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[ S N TR TN R o ol nc e by thie e e

o ey et et bt thee hardware or con
et ot the otem, hoat extends to the

Sy are e d Saanteer e b g prcesratmimers and sy

el e e ot ot adb the components makes
ettt i ot b e nde o to evalaate the perfor
et e b e, e tic cempanent [+ operator nushandhing
et e ot whach s tuen g direct product of
S e Giate s et g what constitutes qgood coding,
L doccde e Lty ot evecution, sparing use of stor-
[ ol b ot b are gy ot these related to
e ot e e b b ety Dialanie o G heet?

Veoo e that the establishment of criteria will ympli-

oty atten t the trateay and goals of our o personnel. If we
cheaee s e e lres of cade produced per oweek, we will
ot b et Lo e that the ontput of our programmers
oo ter t e, b code e week) begins to increase. At

e aine taees e bl ot e surprised to see our run time
gl L ite e g tenanc e robhlems bhegin tn increase com -

Pt gty P agi ek e wonslar analogies an the hard-
Ware o w tem conteol sottware aspects of the computer
Cerat At caggests that we should exercise more
than oo bttt aee i ik aneg the basie deacision on measure-
ment crer o e need to avord measuring Cthings” because

they are o, to measure every bit as much as we need to
aveond oot aearineg thingsT because they are difficult to
1Tyt e

While micasarement may an atself be a science, the use
tooowhach owe ntend to put the measurements is hardly so
et e Fnwamiably . we will engage in many subjective
enaliiats o of werth, or what the economist would call util-

Critorta need to Lo established inoa framework of
sornethona we wreth to optimze and  this infers subjective
et veo contimuously need  to o differentiate
between domg the thimg right™  and "doing  the  right
t}1|v>5;_“

ol

Set darger computer systems have some interface to
the e ting system to permit capture of Jdata at the dis-
ot b bevel of the system. TBM's SMFE is typical of what
15 e ded by the vendor. In general, these interfaces
nrovidie ha capabality te access raw counts of basic soft-
ware oorations, but provide little or no analysis.  Since
the hoardware gtaelf 15 normally not monitored, conclusions
about the hohavior of the hardware need to be drawn infer-
entially

XS

-t

¢
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Pl tieee i oyt e to bl G et ormane o

[E S S Y N PR bt e gt for o
ot ey b etantial sise o complesity
T i b L e Phis clear ly wugagests
o b il e e e o ol g dronpe specifie ally

Ced wath athg Al and deteibhuting pertor
e bt e Po e ot e necessaty tor nterfacing
et ot aeatiney oy e the drotgs g ht Logieally  be
Pt trom the st sonong e o hoave regponaibg
ot mnteqne s o ot operating oy L tem,

Portormanee oaatoas (4l twer classes, those  that

[T IR R R A Y STH LN TN O bevo trach ot
e P b tvree Bl b caen partoonlar teenathe and
Aot data provessing persannel and ther manar

crecame g threngh the cofteare and plegramming ranks,

T gt naturally thiind i terme of software monitors,
Sothe the ancr e aneg soradine s stion of teleprocessing termimals

vl gt

St atioon data rocessing network we

e U T e me e e of the Bgr e monitor,

Pech v the bt vy to tan b e thee Grbestion of what ot

dabe e e T e L o b
v tenmable e gt vl cbude mnanam response  time

o teleb e oesiing apphoations,  well chef e and mimmnm
o arcnndd et batch apphications . mimamom  cost for
iathoof efhort such s accounts recenvable nvoices, ete.
n the hardhaware side we might anctade o mninom total
ditime g masimam length o for g single down time,  an

P limt o Yoy siguials ot

Phevn binds of  macra standards should  bLe  readily
e tane b e 0 anvene with g nodding acquamtance of
Y ¢ i

DLt G SEesmiGght well represent Tquarante s’ to
e geer Gommunts which  oare supported by distributed
STy statistic s oan some reqgular Hasy .. Many, of not ali,
foroem owall he esnhiont o imnlieat an the design of the yar-
v sy steme or apnlications Such standards should not be
Preatedd v goals bat o rather a0 minamom acceptable perfor-
Flance devels . Do not expect any applause for bettaring
them, Lat be sure that a farlure to mect them will focus 4
terge amount of unfriendly criticism on you.  Remember that

o theen components, each with a 907 probability of berng
avalable e reguaired for the suceessful completion of 4
tosk o there sl be dosy than a7, (.9%.0x.9) chance of
cmpleting the tash .

Coven some reasonable set of macro standards one can
Yhen hearn o tocua on more specifie,  internal goals,
Whethor these shioold Le postulated as goals or standards
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woll e sartly vl on therr anteraction  with other

e o tedable i A g hardware related measure
e e meght o bade exenssinve B O errors on tape and
Cb o e e errers on transmssion lines, o arm/
Chnteel oaterterence, degraded pemter performance, ete.
O e b teeare cadke e bttt Fooescossive  program

G taneb andd poeearam abiends o desiee allocation delays,
Pty et ocertiow ottty et

S thene mhoro meascroments will be established  to
e ntor b Tor pertormance improvement which con-

Crra e o meotingg the macro performance standards. We
et e el ot Lo clevate the desire of miminuzing
ety cach as oarm o contention on the disk drives to the
Lewnl of a pertormance standard. Tt es, after all, a problem
g wnh eptunization that has a vather unclear impact on the
diobal optonzatien problem. We need to see the total sys-
tern hardsware, sottware, and people in much the same

term, as o hi £ system, e, only as strong as its weakest

Cotapnodgerdt

e harong e the b shop mode ds probably best

Bt by it charges on the user's view of the output

Chock s owirtten, anyoces printed, fedger items posted, etc.
1t osuh oo charging methodology were rigorously adhered to
wo surmise that much of the ternecine warfare between
the Information Systems Department and its customers could

oo avorded. [t needs to be clear to both parties in an
mphied  contract just owhat the conditions of the contract
are. The Infooooon Systems Department cannot guarantee
o b heldd rese ble for the accuracy of outplit reports.

"hey can, and shoald be, held responsible for the accurate
and timely processing of data.  Late submissions cannot be
pxpocted  to be corrected by the Information Systems
Department, Poor management practices in user dapart-
ments cannot be corrected by good (even excellent) man-
acement of the Information Systems Department any more
than the reverse.  The dismal history of the data process-
g gob shap leaves us wondering if it is a mode of opera-
Lion that will ever work smoothly in any but the smallest of
comnuter centers.
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"Man’s mind stretched bv a new
tdea never goes back to its
original dimensions."

Oliver Wendell Holmes

The Data Base Approach

Data base concepts are relatively new. They were
first introduced in the late sixties. It was not until the
mia-seventies that data bases started being widely used.
Today hardly anybody would consider the development of a
management information system withcut the use of the data

base approach. Since tnformation  systems so heavily
depend upon the data base approach we will begin by
defiming seme “undamrental concepts about data and data
bases. " his information is presented primarily as back-

ground for the discussion towaird the end of this chapter.

A data base is nothing more than a collection of data
that can be accessed by a set of comouter programs. This
IS a very basic defirition of a data base which we will
refine somewhat later in this chapter. The smallest identi-
fiable unit of data is calied a data item. A data item is also
called a field or a data element however the term data item

i1s the one that is becoming more widely accepted. A data
ttem might be an employee name or student grade. Gener-
ally data items are grouped together to form a record. It

51
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miaht. tor anstance, he looieal to group together stugent

Darbeet o ctadlent o name, course number,  course credits and
Grade to form g orecord to be used in the grade reporting
Cotem A named geoup of  data items within the record s
Callod a0 weqgment In the above ex ' oomay  wish to
detine Conrse namber,  cogrse crede IR e to conaest
ot o segmient called grade segment e ©grade seqg-
ment s a0 part o of the student recor Fheo oomdtion of g
rerord and g segment will e ased ot 0 pban the data

model and suhimode

[rate bHase management 1s  a  systematic approach  to
Ctoetmeg, andating and retereving data contamed anoa data

biase the fata bhase approach consists of two co-existing
parts: an approach  to the development of information
wystems and the use of a special set of tools in the devel-
apment pracess, The date base approach emphasizes the

fotlowtig concoepts:

o Integrated systems: The data base approach insists that
integrated  wystems  should be built for maximum effi-

L1 noy Phips we <hould not have an accounting system
that 1s unable to share duta and controls with the pay-
roll,  personnel and  purchasing  systems. Integrated

system imphies that each system has full knowledge of the
extstence of the other systems, Systems are not built in
solation. Systems that do not share data, like cafeteria
management and student records, need not be integrated,

o Data redundancy be controlled and reduced: This means
that, whenever possible, a data item is stored only once.
For instance, if employee name is kept in the personnel
system, 1t should not be repeated in the payroll system.
Each time the payroll system needs the employee name it
fetches 1t from the personnel system. This method of
non-redundant storage avoids inconsistencies in the data
Lase. Corrections are easier as they have to be made in

4 single location only and automatically become available

to all users,

+ The data base be" treated as a resource: The handling
and treatment of the data in a data base should be simi-
lar o other important resources like space ar.d money.
Farther the data base should be treated as a shared
resorce, The individual assigned to manage the
resource 1s called a Data Base Administrator. Treating
the data as a resource emphasizes the point that the data
captiured within any given system (like the payroll
system) has value to the organization that goes far bey-
ond the confines of that particular system.

) S
i
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e et e e st ratar s e

; AU A itee ot sable to
* R R S de HERTRER i ds iy
o ath e nching of ddata,
R S TR ol s the data, wath
B N Y DR SUE R TS RIS
. ! el oo tmnteator has complete
: v bt the ot resmanaae Loy
Gt prncedares can be developed
[ERER Shes s s a very  umportant
e el paneentt without propoer security
ooobeee nath o thie Loty of
* Pt e antepoe
. - - t poents bsted  above  are very
Lo Lot St ase approachi. However,
' RN A SR othe Gata bhase apnroach s
e whoo St by data indenendence?
PTG bn et e suchs A way  that ot
i s Bge e e data that s stored,
o Ct Coi Poodn thee storacge device and of
. - T oo device then gt
Lo : T ey it b s
: Y : : Lt s dhanged or the
' e s an s rs e pronram has to be
' Do e ans that na changes are
. o ‘ Per s qran by addittans of  new
by o Db g 1ty rocaszetion of data
' e e ooy chanees sedde an the meth-
: oo e gt bt b the mereasing
R R R I s dousned 1 Chapter 2, this
[ L [ARIREI o s crnctal n contanang the
ot and e e woste o) software sy stems.
. : P P ihe data base approach
' o " tontegrated sy stems an which the

e e b b gt Hasae Adenrstrator (DBA).

e el e uataces Dike non-redundancy  of

B sy o) ety o ddata, better standards,

et hiary e cate sl most of all, data indepen-

Shat was v s but implied in the above dis-

dean e ese e of a4 software system called a

- Lo e g et L Sy s tem that helps accomplish the

T st 0 the data buase approach. The term

st D o o cometimes ased as oa synonym for Data
e N g S stem (DBMS)
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L Tatecture of DRSS

e et i reo ot i data Lase

; : IEETRRTE I S Thie G of

! : ) TR T B it The physi-
i oo, e e e en! Thore 1 g one to one
Bt o et e e i el storage and the concentinal
e e ity o D accomphishes thin mappang . Inoa
Sata boase et rement . no single sy stem or o rogeam 15 per-
dy ottt L see the entire data modals I fact each program

seew byt eertien or the deta that ot needs to use.
does not even exist for the program,
Tl reere o U s e compiehedd by thie data submadel

sob e 20 by the DREAMS, the proogram reguests
RS Poonoats o view of the data its submodel. e
CONS reteeey es the required data. [t first translates the

Lot it thaat s based on the submodel to an eguivalent
P obeaedd o the data model. Using the data model it
thion et the reqursted -lata and places it in the work
Gt e prosjranimes to use. e process is reversed
Gt oo o pddating The j.aogram places the data in
o o ok work area and requests the DBMS to
! The data s processed through the
ot b o e e et and Droally v the stoeage location for

ey e,

Pter b chatay B

o dating

Fhe progranmer (o user) sees no more than the work

e andd the data submodel.  The DBA has a broacer view
which estends from tie physicar storage to the data sub-
e Thi- figure shows chel the DBMS has seven tasks to
bt o numbers n che fiqure correspond with  the

gumbere e follensine hist of tasks.

(i, Managing the rooswea’ storage of data,

(2) Aceowmphsbing 14wy vetween phys.cal stor-
othie conce ptual model,

acyie
(31 Perme g the detation of the conceptual model.

{45 Accomplishiing the mapuing between the conceptual
mcdel and the submodel.

(51 ermitting the definition of the submodel.

(6) Transfermng data between the submodel and the
program work area.
(1) Recogmzng the defimntion of the work area in the

oA

G -

~ g
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Figure 27
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Dot Base Managemens Hunte oo ome o with g oo
et e set ot atihities T csn mpartoet of these
Lt e thie e that s oas 0 che romb o and recov -
Gl P b Ut Tien e toat or case of a system
Veater che eotire data bane can boeoceo astructed The
fae o st renres the e of the fant backnp and the
G ot e by receads recerded sinee the T U hackup,
Sost Tiaty Fome Sanagement Systems have o bty that
et b the actinaty and keeps o record of the apdates
Caned o ctesgeed accesses] omade to the dat~ base.  This
o cesn s Caliedd bagging ~the records created by 1t are

RS N I T I “teen to o the backup. recovery
At ey it th SO nas o atibities for o pertormance
Tonterineg sonrity et and control and resource

it Eement

Modeis of DBMS

P are intee conceptuasl models for data organiza-

v that hase Laeen proposed and are in use at this time.
o e Aol e Yierarchee s netwark and relational. The
ot et rangen data a4 tree Eeostructure
oo haerarchic medel as o straightforward. Conceptually,

b record noa herarchic date organization looks like a
corporate rgamzation chart, G 1s ¢ tree structure with the

oot of the tree at the very top. The record itself consists
4 ements that are arranged like people in an organization

it lhere s a rather

rigid parent. child

relationship

Aoy at ot

et tive

he various

segments.

This organization is very

in that each segment can

have only one supe-

cror I some  herarchic organizations the rigid parent/
chald relaticnships  amongst segments can be supplemented
(Hut not crrcumvented) by techniques like logical relation-
ships ane secondary indexing. These techniques allow mul-
tinle access paths to a single segment at the cost of

icreasod complesity.  The network model is more general
i that o record can have more than one immediate supe-
RTEIE The relational m el comes closest to the natural way
ST st dita in the form of tables.!” These tables are
¢oaltadd rerations. The rows in the tables are called

“undes ol the columns are called “attributes.” All possi-
i aines onoa cotumn form the "domain™ for that attribute.
An mpartant charectermstic of the relational model is that

L P Codd, A relational model for large shared
data Lanks,” Communications of the ACM, 6 June 1970, pp.
370-387.

38
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A Poaeen tunhes g represes od solely by data

EEEFETEN o dtraven from g o common domarn .

e anet thie poaenwork o odels ar e the most

o LT TTEIEN Fhe relationad medel 10 the easi-
: cherstaod and the hardest toonnplement. Tl very
pet s e rebatenal ool impenented weee o very ineff -
N R R ] SYRI SRR beveral compantes have recently
o DTG b ed o thie relational model Phere s,
o er e ntioeat data to qudge if the imiplementations
vetaties Lty e coabite tor very large systems,

Pree e St ar e cither nciudes o has the ability
oot e n i o wath cther relatod aodteare . The
' R woare aach ages most commonly used to supplement
T geenl Tes o of g DEMS are o query facility. report gen -
Cator oty termimal conteol software (this s required
e bz ternnnads ) oand o ddata dictionary . The query
oot rep ot Generator s used directly by the end user.
Tl e contes] tacabity s a programming aid for  the

N P ihe DBEA 1s the major user of the data
T

T Dot e Manpement Sy tem as cortamnly fro -
Char o thvaie teol an the hands ot the developer. It pro-
codenenormegs capabilities: gt ase  1s essential in the
' cornent of large integrated information systems., Sev-

data Lase systems are avaitable thieoogh computer ven-

et s ttware houses, Pickina  the right data ' -
crerdement oayatem s oan aninortant responsibahily of  dote
SN mManatiement . It s o subject matter that would

rerre g et GE ot owen 1o discus

Data Admizustrator

Phe Data Base Admingstrator has to tell the DBMS what
(R Phie tasks nclode the definttion of the content of
St the storage steacture, the access method, the author-
pration s procedure the edit checks and  the backup and
ceovery procadures. The DBA has several tools to accom-
poish these tasks. The foremost amongst these tools is the
Data Dictionary.  The data dic onary contains macro data
crodata about datas The dictionary allows for definitions of
Aot atems, cross-references of e use of data items,
cioss refererces of programs using the data and validation
ces for data gtems.  Other tols available to the DBA are
it detimtion tanguacges that define the model and sub-

o of datar mapiing and  dilplay tools used in  ‘the
BRI ot data basoss aimilation tools to test concepts n
ciesng. monitoring nd  tuning tools to ensure proper

: 287
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regoriroe  atlatation and  pertormanio It s Cdear that the
tash oo 1 Liata Base Administecor 0 o technical one. [ he
A s rporate technzal maen agee of data,

Thocere o a0 onyiig e cotion that top management
Gl U e g tiochy s oluedl o the plac g and develop-
Prent o antormatian sy atems It data wie truly to be

troated g o otate resonroe then ol ciate, both comput
crred aod non computerizeel should be 1 naged by the top
Pk o the acdimmistration,  Determiming who should have
arens Lo what data, determining the relative priorities of
the Information sy otem development process, determining
s warons apnts b the anoversity are e together by the
cdcomateon et are ol anstitutional ddecisions of  some
impor! ance. Fhe bighest ranking adnnnistrator responsible
tor the data resource and precipatins these decisions s

Cnen civen the title of Tdarta adeanstrator.”  Institu-

v ot tagher education prefer to :se the title of Vice
Ceedent ob Information Systems or  Ssscciate Provost of
Caformation Sy stems. I managing the information resource,
Wi are ddentiiying Lwo o orgaenizational needs. A need to

acddross the ata base manaegement responsibilities at the
techimeal tevel andd the need for information resource man-

et at the Vice Proeacential fevell Organization struc-
Lires to facihtate these dual needs are stidl i the stages of
evperimendstion and evolution. Chapo 3 disciusses this sub-

ject mattes o some greater detail.

S arowe have Jdiscussed the various components of a

Data Base Mavagement System. It, and the related soft-
ware, torm e major (ool 1 the development of information
systems. &t owe a0 ook at the Systems Development Life
Cycle The oy e velopment Life Cycle ar ! the related
structy . roe s .+ the techniques used in creating an

nformas.

ot

" "hese techniques are discussed next.

Systems - <1 Late Cycle

Ihe systems development 10 cycle 1s normally defined
2 oonsisting of six stages:

1. Prop ot Initiation

; Fan aonal Anatyass

- Lystems Design

A Construction

5. lastallation

b Mamntenance and Enbicnr ement

L0
(g

o
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e } R U TR R SN S I S SIS SURE S S Srthypec U of e

' . " Ve aeodd el by o wome of thee ey
, L [ eyt tooh R \ 't mperatiae
: e : . AT N b b the it eyde.
' ot o thee Biicietien o e b Gy thee rser shouald
. v ; e 1 e thee S ey ot whother to
N T T Y ] SN PRSI TIE | Oty when the

| tho Poeobe o e o can wee s re that the

' S P RS T TR rothe and ot for the
RN ; Coothe U derirtnent o e Systems g
. . e e v e s ep s

! s ' ealowhes sy o the Yl Which b

' . . relpe it It os very  inportant that the
(e \ vedd awith the developimem progpect be sty
el beg e i ten Systems Diepar e nt approved

' She e Portner, thee user should receis. periodic
ottt how thie actual eapenditure assoor cod with
b ! AU perernt ndtiation time the statos of the
et e i b oatiined L thie obyeatve of the new
ot s D e e o andd, most inportantly,  an

e eatenia o the oaten hionld Yie anthiaed

CoaL IR T L ST AT e chon b e b e o

ettt e, b g ey trammng and complate
. [

Nt Cothe functal o speaficatione of System.
N et muust o B written g aser oadhen o
O oo hadd be the frest Dlace one hea' D othinh of

g 0t theer o e Guestions recarding thee oyt ey I'his
Fooonrse meernes that ot must o alwavs he bept upcdated. The
e al e aton heenld ot only andicate what  the
Cotem el ttomust g oadicate what the system w///
ST O Marcsaosystem has toided foause the user simply
At b that the system yon! Ul mething 1owas ooy
ot tor b U asa e o g It s, therefore, imperat e
i ¥ Brmting soape ot the sy stem bhe spelied oot vy
! e devebanment o e

vothie dasign stages, the gser nterfaces to the system
oo C1ompertant ool Nirch thought must be given o

0 owhet the user wall e required o do in order to
I the sy ntem Lard Alsa of great noportonce s finding
ntoehat the gaer will e required to hnow in order to
mabe the svstem work.  Tor nstance, 10 15 nol uncommon to

o i cnddes fre s coericulums in which degrees  are
Toereend HEothe sy o o seguires that the Hegis code be put
e e systern (e L nsed to curriculium abbreviation
bBooh the Student gt nothe form), then the operalor has

K
o,
o8

O
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e . L e b s s be e e aze the entire it
e oy, . oy b e antertann
Ci reen et ent Do teonoan the cdesign stage s the
I T R S SYE P R E A SR I v e hapy the sirgle
et oy et L T N R L ERTETAI Wlhyeroas BTG
o o et e o rheabanty o thiere are certam
IR ol e et e e Lo mak o once the sy stem
s o et AT A research corparation hists three
et ot hoee e degree of difficuity that the DBMS
g0 e b ot Dt are atae too handle onanges oo
R RN A PLI . Chat,es an bloching factors.  adding
I T N b et o tield an s record, adding

Woeve e b et ey anns a0 dhata Yase for ethicieney

et Basviing any mpact on the appheation program
coe e DEdS thangh ot all, canoadditionally handle
c o aee el tormat of a data item, new relationships
b ot rerords,  new  access  methods,  space
: [ Lo anoanverted keys for access without
T & e Spac U an the apphication poeograms. Hows
' S e Changes that most DBELVD cannot handle
et o 1 amp e ton the apphication programs. Examples
R N ey a0 data atem e Dy rocord,
S e e b aphittneg g recor o and changing
the e, oy oof g record [his hist 1s by no means com-
sl [4 = oresented boeee to show the relative importance
Gt the bty aase design pracess, It not only rletermines
whioe! Coently poosible to do onow, 1toalso influences
W o deamieally teaable Goode o the future. dtas for
Gy et that oo data base system project should  be
G Lo ondy atter sutticient thonght and planning has
e 1t the onverall process,
{ve Lo the eolatiy - importan: f the data base desigr,
s et pras tioe G have the design roviewed by peers.
Phoe review Goroeess dorces the designer to articulate the
vt 1o the cdeargn and allows the reviewers to suggest
Atternative, perhaps hetter appeoaches to tre design pro-
Caperrence andicates that ot s useful to allow the

design to age for sometime. isually the designer is able to
think up something that was owvericoked or 1s able to find
3

oetter clasign

ot ion of the design should ba in parts. These

sarts Should bhe candidates foo partial amplementation., An
important oaspect i e progiamminng of the system is its
vrror Bandline copatabity . Fah time an error occurs in the

Gy storn ot s amportant that the program completely specify

PRI

the £ g

e
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L e S

o ! L T LRI TE S o

. e ons U byt e thee o e o e

L O T L O L O SO FPRTEN N A
Pl e e s wave nntedd hones docing the apora
o fothe oyt

Arter the Sutems b been snccesafally implemented,
RN et I (IR IR T s ;i|m‘." o the hite F,‘,’(|v‘
R R LTI T Montenane e baday emn ta b g
porchilom oot Thrge proportaons Inomany anstailations, (00 of
thoe Doecgraronneg statf s dedicated to mamtenance.  National
et e not ton mige b lower . There Lre two partial
deteae ra th s neab o, One s o ovgamizational solution
T I T N P PR ST S The e s related  to the
oy e troctared techiigues discassed later mprove the
Peetane e macbanaba ity o1 the programs . Sumpio
P codb e tandable modules ) data independ
! o Co cooabde e e boosie all he 0
| e ; , e it nal e Mhanterance
R L oo ey and o pensive  require -
[ANTYR B e atigement o coonnntimes t. o new develop-
mient oshe b e hoas not te take resources away from
dhevelopneect s sder to meet the Growing demands for
Tran o e oG rams Fohanced  canabahitres and
crperosved o bonaity will continue to be the right prior
S thioash the TG Fovamrees to develop, buy or oth-

e anteochin e these iy ncedt capabihities shoald be
| . .

Doty ohentined aned foaetodd

.

Structu: ed Tachmigques

s

Eoow Logbstra an Naeeh of 1968 esnressed o view that

Soto statements were harmful. This was the beginning of a
shote new methodolagy  called structured  techniques.
Stractured programming was che first of these techniques to
come actes the mamstream of the profession.  The last three
years as o seen the rapid development and use f othe-

stegctyred techmgues hke structured analysis, structurec

dosign and structare ) walkthroughs,

Structerob programming s a omotaod of programming
that faollow o0 rules outhned below:

s AV Gotoo catements

1
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s ey three bhasie strac bures

. vebecte

= Henetition

sl e oy g st ot tor transter anto the structure
wid oy canghe et o control out of the structure

e oty of seeeentation

o ety Pt haerarchy ot dagie

o Sanall sz cs o (D0 hines)
e oo g tog o e

Phe Lyective of  Jtructured programming is to compase
Cosirani. Cortectly  rather than debug o them rtww correct-
TN Fogure 25 oheaes the relative error cates found in
en Ve toctingg and ooerations. It clearly
Cotoate thogt s ctean ddesagn o the e U erttical part of the
dovelopment s s Design errors found in operations
are by far the cothest. Informaticn systems management

should tocus 1ty attention to this area and should try to
reddice the errars i this category

Strnctured  analysis s based on two key elements.
The tirst etement 15 the Lurldimg of a graphical model (also
1

Cailedd agical model)l of the system to be budo, The second
vlement vs o verbal description of the system objectives and
Conotraimts I'he graphical model 1s an exceilent way of
showing the user exactly what the system is supposed to
Tins along with th2 verbal description of constraints
~akes for a roncise  description of  reguirements. This

el s then ised to determine what pertions of the system
are to be oeft mannal and what portions will have develop-

ment priorities over others.

Structured design s a mechanism which peirmits the
graphical diagram of the system to be converted inte small
modules.  tach nodule should have the property of conmu-
mcating with a mimmum number of other modules.  This is
achieved by crranging the modules in a hierarchy such that
each module ¢ymmunicates either with its immediate superior
aroats anmediote sof ordinate and  with no other module.
This hrerarchy can -+ achieved by studying the flow -
data through the sy.wom.  An example of hierarchic brexk-
down into mndules 1s rhown in Figure 29.
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Cowadb throsgth oo 0 ey saore than oo

e tepe e
oo et W toptenenting the tom dewrggn Lo y o
Poor e e e

e tieed ot gy e extremely, oo e that oot

Po bt bt e e s U o e It 1. how
o ot he g e o e the ot tecare problem for ot oo
e et e e i e range o ob 12t 2000 What we e

booa teethodologsy, that roproves the efticienoy ob sottware
el ment by tac o ot 10 or 100 or evoen 1000,

Preoblom Nrew,

The techorgue tar sy stem de e pmoent hed n the
e o eages sufters trom severel probless It assumoes

thiat the uaer booaws the needs  and theretore s able to

Gaed i, thero s e not true. Many users do not know
wehiat e rered This ts particularly true of first time
TETTIRN ftormation systews normally  ge through  three
tacges ot e elapioen ihe first stage s a stage f sulbs-
St s g ercemve the computer being most useful
ety S neeeaal o tons tons they are presently
Pl g Phe sl stage o the stage  of  backtill,

Opcs the comy o oor 1w an apphication area, more and more
apphcations become obvious and the computer is used in a
ratural sense. The third stage 1s one o which not pro-
Cesal ot the tash itself, is analyzed to determine how best
the computer Sis an. AMost organizations are in the backfill
e and the techiigues  described  previously are  all
Stroctured to o analyze  and  automate  existing processes.
What we fo0 to recognize too often is that many of the
existing processes were designed for an entirely different
tec bbby, loag Lefore computers were available.  Automa-
tion o orect, bt what we need s innovation with automa-
b ooy ativ e aoplications will only be possible if we can
tear anrselves away from the existing processes and exam-
e the bhroad objectives that we need to achieve and then
Aovise proresses that more fully utilize the tremendous crm-
rranoations and processing capabibities of the computer,

Ti. Svstem Developme;- Life Cycle as defined has too
many L tieps It takes entirely 0o long between the discus-
S ot ohgectives and the delivery of the product. In light
<1 the increasing personnel costs this large time frame will
trive many  system development groups out of business.
“he present development process has too many communica-
tion steps ot wreiting programming s cecifications (ana-
Ivst  to  programmer),  writing  funcuonal  specifications
“malyst to user). writing design specific.iions  (analyst to

. J:
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C bt et et cntormations oy stem (MES) o
Coor g casieee e detine management tnformation sy stem
L g awhat ot s ot Faving o daty bhase manacgement
Cotem b o the data does net mean that oone has o
M petne it npd ety e However  using the data
S et ey b P Attty RS an [u‘ !»lll“ oo [SERTERY
LA P PR

Co b e o owe dicunsed the perspactive and needs

' v arn les el of  management. Al the operations
Leorn e tonctiens o be pertormed are rather well detined
Al g preeaiens oniented. The registration process, the

RURE1 TR TN NE O TR S the qrade  reporting process, the
ot nd sorchasing flows are oll process oriented.

rineyineg pewer of the computer to help perform these
e e et ot et e an girtomated  data processing
N T N A Yoy certamly ot o management ant oo anatian
Sy s tem Howes o one must be qgquiek to pomnt out that
withont the automation of these operational systems, it is
not pesaible o bofd o management anformation system. The
data that 1o used 0 management mformation  systems is
Gathered o the operational systems. In a scense then,
management ntormation systems presuppose the existence of

A tomated onerational sy stems.

The nest level of management, generally called middle
manacement. has eeed for information that ts not necessar-
iy peocess eelated but generally process generated. Exam-
oles af this ntormatiog are answers to questions like: How
many frmale andsearaduates do o owe have in the college of
phigreecring?  How dsoour actual expenditures compare with
Lbget amounts tar tull time on-campus faculty salaries?
And o oon T hese Guestinng are answered by aggregating
the dotarl data that are generated in the operational system.
This type of information s used for very well defined and
s tured decisions. A system that provides this informa-
beone Ue the mgnt o cwdual, at the right time, and can rea-
sonably nsure that a1t as accurate and unambiguous can be
Lormed  an  infermation system  or  management information
syatemn
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Figure 31
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More recently, starting in the mid-seventies, a new
terin has evolved in the vocabulary of information systems.
This term s decision support system (DSS).'® Some con-
sider decision support systems as merely another name for
Matagement  Information  Systems. However, there is an
nphied difference between the two; the difference is pri-
marily of emphasis and of scope rather than content. Deci-
sion sunport systems try to address the needs of higher
management in making relatively unstructured decisions. |n
addiition to the data generated in operational systems, typi-
cally they require the use of data external to the normal
processes ot the organization (like the state of the econ-
omy , the population growth fuctors, the cost of power) and
the use of simulation, modeling and other analytical tools.
When the analytical tools are built into the information
system and can be used in a flexible and unstructured
fashion we have ¢ decision suppcrt system. Because of the
complexity of the decisions to be made and the unpredicta-
ble requirements for external and internal data, systems
with decision support capability are extremely difficult to
Duild.

Any system can be defined in terms of input, process
ancd output. Ticure 31 shows the differences amongst a
data processing system, a management information system
anc a decision support system using the 1nput-process-out-
put mocel. *7 A data processing system takes data on single
entities as input and uses processes like select, change,
sort, etc. to produce information on single entities (like
agrade  reports)  as output. The managenent information
stem begins where a DPS ends, taking as input informa-
tion on entities.  The process is usually aggregation along
and across systems.  The output of an MIS s integrated
statistics [generally called  “fighting” statistics). Decision
support systems start with internal and exwernal statistics
as anput and use processes ltke modeling and forecasting to
produce decision alternatives as output.

e

P The September 1982 issue of CAUSE/EFFECT is
dedicated to the topic of decision support systems. Along
with several articles it contains a useful bibliography for
those wishing to explore the subiect matter in greater
detail.

' The rest of this section is based on “Anatomy of
Decision Support Systems,” by V. Chachra and R.C. Het-
artch, CAUSE/EFFECT, September 1982.

98"
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A DPS s characterized by an operational perspective
i which the information is prestructured and reporting is

presehedaled . The decision  process is generally rule
driven and subject to prior optimization.  An MIS on the
other hand takes a tactical perspective and strives to pro-
vide on-demand, but predefined, mmformation. Its use is
mare anteractive than o DPS. A DSS tries to address the
g hoc nformation need  for  strategic  planning. The
regquirements  are  unstructured and  generally undefined
aheadd of time.  The system therefore has to adopt to the

user and allow tor a subjective decision process. Figure 32
csummarizes these characteristics.

It s nat necessary  that the only users of decision
support systems be the top management of the instituiton.
The integration of analytical tools with information systems
makes a decision support system.  Examples can be found
inonsatitations where such systems exist for all levels of
manacement and even for the benefit of students.

James Slartin talks about yet another class of system,
4 system that s highly speciatized, like an operations

research system or a design system. It is not clear what
¢ haracteristics make this type of system different from
decisian support systems.  Perhaps it is the capability of

acdvanced grahics ntegrated with the analytical tools imbed-
ded in the information system that help create the opera-
tiuns research system.

How do institutions of higher education stack up in
refation to this progression of systems? Most institutions
have many of their normal processes (see FICHE list in Fig-

ure  33)  automated. Several have rathler sophisticated
mformation systems.  Modeling techniques have been in use
on camplises for a long time.  The most pooular of these

models wepre the student Flow Model and Rescurce Requrre-
ments Prediction Model, both developed at NCHEMS. More
recently,  there has been a growing interest in EDUCOM
finanaial Planning Model (EFPM).  However, most implemen-
tations of these models have been “manual’ in the sense
that the data to support the model were laboriously entered
nto the model. In order to make effective use of models
for institutional planning it is important that proper inter-
taces he built (hat allow institutional operational data to
chirectly teed the mnodels that use them.

9.
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PLANNING, MANAGEMENT ANO
INSTITUTIONAL RESEAKCH

I Budget Forecasting
2 Buadget Preparation
3 Budget Analysis
b Budget Position Control
O Institutional Cost Studies
6 Faculty Salary Analysi:
¢ Support Staff Salary Analysis
Soracalty Activity Arniaiysis
- U Support Stafr Salary Analysis
10 Induced Staff Activity Analysis
1 Resource Requirements Modeling
12 Student Flow Modeling
3 Llong Range Planning
I Etnrollinent Forecasting
S5 HEGHES Reporting
v Liata Eiement Urctionary
[ tostitutional Coding Structures

o e e e L e e d et i e

FINANCIAL MANAGEMENT APPLICATIONS

General Tund Ledger

General Fund Expenditure Accourting
Cepartmental Expenditure Accounting
General Accounts Recervalbe

Student Accounts Receivble

Accounts Payable

Payroll

5 Employee Benefit Accounting

9 Retirement System Accounting

D~ U e B —

CIQ IR I IC IS IS IS IS Ittt IS IS Ic IOt ista

10 Bank Account Reconcrhiation
Pl Cash Flow Projection
12 Investment Records
13 Investment Fvaluation
1.1 Grant and Contract Administration
15 Research Project Accounting
16 Research Proposal Monitoring
17 Financial Aid Accounting
-18 Tuition and Fee Accounting
2 19 Residence Hall Accounting
2-20 Stores Accounting
2-21 Telephone Accounting

Figure 33 - FICHE Application List
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GENERAL ADMINISTRATIVE SLRVICE APPLICATIONS

Factlities Inventory (Space)
Faalities Utihization Analysis {(Space)
3 Classroom Utthzation Analysis

4 Personnel Records

Personnel Evatuation

. Personnel Placement

HEW Compliance Keporung

O Staft thoie Group Reporting

o —

SRR EIC IS N PRIV F6}
' [ :

5509 ol Servee e Positton Kecords
AUCTLEARY SERVICE APPLICATIONS
4 Faculty Staff Direcrory

faculty Clab Billing

Residence Hall Assignment

H Student Directory Preparation

i Student Housing Reports

J- 60 Food Service NMenu Planning and Inventory
d- 7 Bookstore Inventory and Operations

LT e s —

LOGISTICS AND RELATED SERVICES

5 1 Puarchase Order Follow-up

5 2 Purchasig tnformation System
53 Vendor Information System

oo b Stoares Inventory

H5- 0 Office Machine Repair Control
O b Equipment Inventory

Ho7 Automobile Registration

H 5 Parking Lot Space Assignment
H- 00 Tratfic Vielation Records

O-10 0 Crime Reporting
D11 Car Pool Matching
o120 Notor Pool Recnrdds

Figure 33 (continued)
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PHY STCAL PLANT OPERATINNS

61 Physical Plant Accounting

652 Physical Plant Job Schediuhng

503 Budding Marntenance Costs

6o b Egquipment Preventative Maintenance
B b Key Inventory

ADMISSTONS AND RECORDS MANAGEMENT

1 tindeegradoate Aditssions Processing

72 Gradoate Admissions Processing

/- 3 thgh School Testing Records

7- 1 Course Naster Records (Catalog)

{5 Schedule of Classes Preparation

- 6 Student Class Scheduling

(- 7 Tuwtion an4d Fee Assessment

7 6 Student Registration Processing

f 9 Class Kosters

(-10 Term Student Records and Reports

-1 Course Add. Drop Processing

-12  Pnroliment Reporting

(13 Enroltment Statistics

/-1 Student Ethnic Group Reporting

(=15 Term Grade Reporting

7-16 Honors Program Records

/-0 Student Transcrint Master Records

(18 Degree Requecements Evaluation

19 Corresporndence Course Records
FINANCIAL AID ADMINISTRATION

5- frnancial Ard Evaluation

5 Stirddent Fmployment Records

1
8 2 Financial Awards
3
b work Study Records

O

Figure 33 (continued)

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

96 SOFTWARL DFVELOPMENT

9.1
9- 2
9 3
9- 4
5- 5
9- 6
9.7
G- 8
10- 1
0 2
13- 3
- 4
- 5
TH-
10- ¢
10- 8
10- 9
10-10
-1
-2
11- 3
11- 4
il
11- 6
11- 7
11- 8
11-9
11-10
1111
1-12
1113
11-14
11-15

LIBRARY APPLICATIONS

Acquisitions

Cataloging

Card and Material Preparation and Control
Circulation Cootrof

Serials Holdings

Biblhingraphical Search Service

Fugitive (Ephemeral) Material Indexing
Cducational Media Services

OTHER ADNMINISRATINVE APPLICATIONS

Alumni Records

Foundation and Gift Records

fest Scoring and Analysis
Curricubtum Plaining

Teacher Evaluation

Teacher Placement

Fratermity. Sorority Rush Records
Student Counseling Records
Student Peychological Testing
Athletic Event Ticket System

HOSPITAL APPLICATIONS

Patient Registration/Adnmissions
Hospital Census

Medical Records

Appointments and Scheduling
Central Supply Inventory
Communications and Order [ntry
Dietarv. Food Service
Housekeeping

Laboratory Information System
Radinlogy Information System
Pharmacy Information System
Nursing Station Support System
Physician Support System

Patient Bilhing.'Accounts Receivable
Hocnital Financial Information System

Figure 33 (continued)

L

Lo



O

ERIC

Aruitoxt provided by Eic:

SOFTWARE DEVELOPMENT 97

Some Design Guidelines

There are some very important design principles which
if used 1n the design of information systems will result in a
more effective operation and nsure greater success for the
Sy stem.,

Source point data capture. Data should be captured
in machine readable form at the point of its origin. A
transaction reflecling a copying charge should be put into
maciine readatste form in the copy center. A student wish-
ing to process a drop or add should be able to do so at the
departmental office perhaps in the presence of the course
advisor, Accounting tiransactions should be in machine

readable form at the department originating the transaction.
This applies to pre-registration, wage cards, purchase ord-
ers or any other presently used input form. Notice that
the objective not necessarily to nlace the data into the
data base at the point of origin but at least to capture it in
machine readable form. If it updates the data base - fine;
if not. at least the data is in machine readable form.
Source point data cépture avoids duplication of work. It
tries to eliminate the data translation process (punching
cards from forms, entering into terminals from forms) and
the errars inherent in the duplicate handling of the data.
Combined with online updating, source point data capture
becomes a very powerful mechanism for getting accurate and
timely information into the computer system.

The idea expressed here is a simple one. If imple-
mented, its impact on the design of the system and the
operation of the institution will be far-reaching. It breaks
down the traditional boundaries that now exist for the han-
dhing and processing of institutional data. It also changes
the role  of the admimstrative office pioneering this
approach.  These new roles are important and are discussed

in Chapter 6.

Value added data handling. Data should flow directly
from the source (origin) to the individual adding value to
the data. The last individual adding value to the data
should have the responsibility of updating the data base if
the data base does not already contain the information,
Thus a financial transaction thai oviginates from a depart-
ment might have value added to it by the accounting
department that assigns an expenditure code to it. Notice
the emphasis is on adding value, not control. Controls can
be directly implemented in the data entry procedure par-
ticularly 1f it is an online procedure.
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The flow of transactions should be examined. This
can be done by examining document flows. All the “stops”
in the flow should be identified. The question to ask at
cach stop is the following: assuming that the transaction is

within prespecified guidelines (does not require exceptional
handling), what value is added to the transaction (not con-

trol) at each stop? If no value is added then it is safe to
assume  that the transaction flows through the particular
stop only for informational purposes. In such a case, the
stop should be a good candidate for elimination in the or-
ward flow of the transaction. Forward flow is <he flow of
information prior to completion of the transaction. Informa-
tron requirements should be met by the rcverse flow ie.,
actions that are subsequent to transaction completion. For-

ward flow may be considered as the flow to the computer
before and during the transaction processing life. Reverse
flow is the flow of information from the computer after the
transaction processing is complete.

Destination point document generation. This is per-
haps the most important and counter-intuitive strategy for
system design. It has already been recommended that the

data should be captured at its source, and that only those
mdividuals who add value to it should handle it in its for-
ward flow. What about the paper documentation? the audi-
tors? Cenventional wisdom is to generate the document that
supports the transaction at the source of the transaction.
The source of the *ransaction is very likely to be distri-
buted across campus or over a larger geographic area.
Generating the transaction at the source requires that the
forms and the required equipment (printers or other hard
copy devices) also be distributed. The better approach is
to capture the transaction on a terminal at the source and
generate any required document or paper trail or confirma-
tion ship at the destination and return it to the source. In
this way the destination becomes the single point of docu-
ment generation. This allows the destination to use high
speed printing and processing tochniques to generate the
required document. This idea has been used very success-
fully by stockbrokers in transacting financial business for
their customers. Electronic fund transfer systems also
depend upon this method of transaction confirmation.

One important point about this approach is that signa-
tures can no longer be the method for controlling the valid-
ity of the transaction. Since the document is generated at
the destination there is no paper at the source to sign.
Other methods have to be used instead of the traditional
signature. Individualized passwords, magnetic credit cards,
electronic signature verifications, post processing confirma-

403
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tions are amongst the techniques used for subsitution of
signatures. More options will surely he developed as time
goes on. Meanwhile, the adoption of destination point docu-
ment generation can be a money saving and useful proce-
dure.

Online versus batch. The economics of computing are
such that online systems are more cost effective today.
Terminals are getting incxpensive as are data storage
devices. There is greater overall efficiency in using online
procedures even though the proponents of keypunching will
be quick to point out that keypunching takes less time than
direct online data entry. 1t is, of course, true that key-
punching takes less time.  However, in online data entry,
validity checks can bte m:de at the time of entry insuring
that data are handied once and only once. This is not true
of a batch operation where error hancdling procedures are
themselves error prone and cumbersome at best. From an
overall system perspective, it is more cost effective to do
as much of the process online as possible even though the
data entry portion may appear to be cheaper by keypunch-
ing.

There is an ongoing belief amongst data processing
profescionals that some operations are inherently batch and
others inherently online. This is not true. whether a
function is better performed in an online mode or batch
mode depends entirely on how the operational system is
conceived. Grade reporting is generally considered a batch
operation, but several schemes can be devised in which this
function would be better performed online. Assume for the
moment that o/l students have terminals — an assumption
that is not too far fetched considcring that Carnegie Mellon
will soon be requiring all its students to have personal
computers. Given terminals, grade reporting does not need
to be a batch process. Students can simply review them
oniine without the need for the grades to be printed. As
we said earlier, the rapid changes in technology compel us
to examine and periodically re-examine the current proc-
esses to insure that we continue to make effective use of
the tools available to us.

Operational responsibility and control. The computer
is a tool, no more special than a telephone or a typewriter.
It is different but no more special. If it is to be viewed

as a tool, it should be used as one. Administrators should
integrate this tool into their operations just as they have
integrated other general purpose tools into their operations.
The day to day operating responsibility of the system
should rest with the office charged with carrying out the
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function. Thus, the registrars office should run the
registration system, the accounting office the accounting
system and so on. It is entirely too easy in most organiza-

tional structures in existence today to blame the computing
center for missing grades or late checks or other mishaps.
It is no longer necessary for the institution’'s service
departments to delegate computer related operational
responsibilities to the auministrative data processing group.
With the increasing complexity of our information systems,
knowledge of the application area has become at least as
important, and perhaps more inportant, than knowledge of
the computer system. Thus centralizing the operations
function of administrative information systems is no longer a
satistactory or cost effective mode of operation.

The decentralization of computer talent into the opera-
tional areas can only be achieved if the systems are
designed with this objective in mind. The systems have to
be designed on the assumption that those individuals having
responsibility for their operation will have no knowledge -
or at bLizat a very minimal knowledge ot computers and
computing. This assumption necessarily results in the
development of systems that have very clear man-machine
interfaces. such systems will ultimately result in the total
decentralization of the administrative data processing group.

Simplicity. Simplicity is the key to the development of
successful MIS. Keep the data structures simple, keep the
displays uncluttered and simple, keep the process .imple.
Build complexity where needed through the use of numerous
interconnected simple components and concepts. One of the
major problems in this arca has been the data base manage-
ment system itself. The DBMS in the market today vary in
degree of complexity but are all quite complex. [IMS is the
most popular amongst DBMS and perhaps the most complex
to use. Data base systems currently in use are based on
either the hierarchical or the network models. There is a
simpler, easier to understand and more elegant model, due
to £E. F. Codd, called the relational data model.?® The rela-
tional model consists of d:ta represented in tables in nor-

malized form. Originally Codd defined three normal forms
of data and named them first (INF), second (2NF) and
third (3NF) normal forms. These normal forms help insure

that the tables are reduced to their smallest and simplest
components without any loss of data or associations amongst
the data items. Subsequently, Fagin defined the fourth

2% Codd, pp. 377-387.

1058
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oormal form (ANF)LOTY The great advantage of the relational
s that data s represented in tabular form; it s
understood and is very easy to manipulate. All data
are represented n the exact same form so that there is no
inreased complesity with increases tn size or volume.

There are at least two commerically available DBMS

packases that are based on the relational model.  The first
peckace Oracle,  (Relational Software Inc., Menlo Park,
Cahtornia), became publicly available in July of 1930, A
rew months Jater, n December 1980, ingres (Kelational
Technologies, inc. ] became avaitable. 1t appears that Ora-
el s g spinetf af BN relational project called System R
Hyoanduestry watchers., More  recently, several hardware
vendars have announced  their own relational data base
systems.  The pelational data base is an emerging technol-
oy that has great potential if the associated performance
probloms wre worked out.  One major challenge facing the
peobie e wall be o the migeation from existing sy stems to a
Lot il ddata base system,

At present, relational data bases offer the only hope
of recovering from the losing battle of software develop-
ment. Because they are easy and simple to visualize, they
carry  the potentis] of user developed softtware. If this
dues materiabize, 1t will have a revolutionary impact on the
use and users of computers. '

The Data Digraph

The data digraph is a model for the design of online
data access systems,?? The model is based on representing
b the data as an interconnected graph. Graphs are dia-
grams consisting  of nodes and arcs. If the arcs have
dirvectional orientation then the graphs are called digraphs,
The smallest unit of data in a data digraph is a screen, up
to 16 hines of data that are logically linked together and
displayed as a unit. A node of the digraph consists of one

‘Y R, Fagin, "Multivalued Dependencies and a New

Normal o Farm o for  Relational Data Bases,” |IBM  Research
Keport RJ 1812 (July 1976).
7 This section is based on some ideas used in design
of a hbrary system described in "Design Principles for a
Cemprehensive Library System”™ by Tamer Uluakar, A,
Picrce and V. Chachra, Journal of Library Automation 14 (2
June 1981): 76-89.
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or more screens.  The arcs n the digraph are the onhine
commands that permit the user at one node to access data
i oanother node by moving to ot

I'he mmplementation of a data digraph reqguires a set of

anhine commands . Al onhine commands are erther global or
local. Global commands may be entered at any time for any
reason. A local command s local to the node or screen

currentty bemng chisplayod,

Global commands are of two types:  search commands
and  processing  commancds. Processimg  commands  initiate
processes ke drop coarses, add courses,  delete name,
change  security . set parameters,  otc. Search commands

disolay o screen of anformation that satisfies the search
arcpramerst

Local commands  are of three types: travzerse com-
mariels o s cammands and transactions, Assume a global
cearch omnand s used to diaplay a0 required screen of
data. The docal traverse commands then take the user to
othir rofated screens of data allowing the user to access a
network of screens belonging to different nodes.  Traverse
commuinds there talke you from nede to node. Paging com-
mands make up  the temporary local filing system for the
user, [here are three commands that are recommended,
These are NS (for next screen), PS (for previous screen)
and show (for displaying the present - ._reen). Each time

the amount of data to be displayed exceeds the space on a
screen 1t o1s broken down into pages that are accessed by
osing the NS command.  The PS command acts as the local
memory and  allows the user to go back along the search
path either to refresh tis memory or to choose alternate
siarch direction.  The show command displays the current
screen and s very useful after the "help” command. 1t is
dalso useful after data entry when the present screen is no
longer n view.  Transactions activate routines to delete,
add or modify the data of the currently accessed screen.
Systems designed with this concept are as easy to use as a
highway map, winch they were designed to simuiate.
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"Here's a good rule of thumb;
Too clever is dumb.”

Ogden Nash

Scheduling

Foory mitlte e computer s, stem has several lavels of
cdevices  (print-
crs, sk, tape  cte.) must be scheduled for access in mul-
tr programming environments. \irtual storage systems must
scheclule real storaqe for occupancy by applications for dis-
crete time stices or establish some priority of interrupts.
I'here 1s ahways an implicit scheduling of application to be
processed by the Central Processing Unit,

nghieat achedubing algaeitbms Poriphoral

All these implicit schedules are quite explicit to the
designers of the control software. In fact, their construc-
tion is one of the primary concerns in the design of the
operating system. The overall processing efficiency of the
computer system s dependent on their “intelligence”.
Poorly conceptualized scheduling algorithms can even create
lock-outs which will bring processing in the system to a
standstill. In virtual storage systems, poor dispatching or
swapping algorithms may lead to “thrashing” which so mag-
nifies the system overhead that productive work on applica-
tions drops almost to zero.
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I he wendlor iy not provide custom tatlored
scheduling G each costomer, ot rather develops default
soheduling in terms of hoaw he perceives the system will be
generadlly aaed and provrdes  heaksT o the user fo dccess
ared meeafy the detault o algorithimes Fregquently,  these

Thewk T apeear o the T conteol Tanguage” where prove-
1

st e oy the apaer to overerde default sceheduling

ettt esdiat o con time schedahineg SMany of the defaults are
eotablinhed gt the time the system s mmtially nstatled by
thee s tallation o sy st programming  staff. Some ot the
setvedhithing abcporithvns can be changed only by modinying the
control sartware relegsed iy the vendor, I'his last course
DT Dot aen ol artter caretul conerderation
o v o awhoch i bude paotantial dropoing of
vend e st are ot non tervial  comphications n

installing reew eeleanes of the operating system and a sigoi-

froant on g sotteare meentenance problem.

[ b e andd o eptaally amplest o swav to

P b el et P b et vone vt g the
b ot g b prneity . that s, a0 numerical
NS Gotorally o the dargee the number, the higher the
Pty Fhews e rrcal values are ordial and o priority

Vodie o that ot ancther dhean t nchicate that it s twice
.

asooamreertants cnbe that o an crdhimal wense gt 0s mare
prgeortant than gty Lk with o foaser ety

Fhiee tiatore of thie avatems hardware as o such that we

Genreradhy et Heteoeen the ol or apphication prioeity
ated rhe tash ooty ANy geh comprises meny tasks,
readhingg tape, sending hines Lo the pranter,  acquiring real
SUorage,  ancesaang regroters, eto To optimize the atihiza-
tron of the hardware resonrce (s oot the same as to optunize
thee tarnaroand ot joby Consequently  we hove o situastion
of ceneples and anteracting tradie ofts s Our first and peob
abiy st dirtrenlt task s thee detiatean of  peiority andd the
godals we wash ety schedubing to annomphish, Thee

Goals awall He anstallatien dependent and shoultd reflect the

intormation systems phioosophy and management perceptions
o the total organization, [hat 1s, they probably should
not Leo oset by the Intormation @ otems Department alone,
Lut by the management structure of the university in con-
cert with the Information Systems Department,

It the Information  Systems Department,  or at least
scme significant segment of at, s seen as o gob shop then
production scheduling widl bhe aaeful, In many cases the
production schedule may  be most  usefully  analyzed by
troating 1t as a project network and using critical path
techniques. It any case. 1t will be necessary to identify

11d
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dus fteshs, activaties ) that make up the production

Schedale

the

Prependong apon the work oyele i the  fnformation
Syatems Department (and whether it operates on  a seven

dan wenlk three shift day basiad, the lenagth of a project
sohodute sl bhe ectablished, Fhe schedule 15 typically
madde up for o week  although  some operations prefer a
m -nthby schedule. Al of the activities to be operated upon
during the schediule must be enumerated.  This generally is

expadited by naming  the  generic activives  {(payroll,
accounts recenabhle, purchase orders, etec.) and sub-num-

ety the activitess nc the generic cham. The totality of
actisvition reopneed e procass the payrotl might be PAYIN
through PAY 123 25 discrete activities involved in process-

e the payroll,

We need pest to establish the precedence requi-ements

for afl activaties, g e, which  activities must precede this

cotroaty whiooh may et start until ot as compteted,  and
v may b esecnted ndependently  of the execulion of
this actoeoity for many cases thos analysis will expose  all
matner of flaws 1o the design of “he system, or at least in
the mechiticatnor s that have been nade since it was nitally

o oo,

At the same time we need to identify those resources

mat e e our o ob o shop. Such resources might include
data centey Choth anpat and verification), run control, CPU
Lt essing, pamnting,  breakdown, distribution,  etc Each
aotivity an o schedole must be tagged «s to the resources
it cmres.  Additionally, we must estimate the grantity of
cach rescurce available during the time period of our pro-
auction schedtule. Lealistic estimates of resocurce availabil-

ity will be sensitive to equipment down time, operator
ctfcctiveness (nobody actually works eight hours in a 9 to O
day ). et

With both the activity precedences and the resource
quantities determined, we next proceed to estimate the
resources consumed by each activity as it is processed. If
this information is not currently available i1t will need to be
developed by tracking the activities through several cycles
of the production schedule. We need to be careful not to
be overly optimistic as much as to avoid always planning for
the worst. Keep 1n mind the point that the schedule is a
plan, not an observed fact. The schedule is not immune to
slippage, but should help pinpoint critical activities in the
processing chain and more clearly show the future impact of
current slippage.
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Critical Path

Freguently, the resalts of the ot production sched-

e are gqunte perverse. We dhivcover that an order to make
cue deadhines we needd to use more of o particular resource
G given day than os avalable. Often we discover that
reource ubtithzation oo quite varable throngh the period of
the production schedole, Ihis leads to peak load staffing

ard sigmbicant  underatihzotion of  rescources in order to
vt meeting deadlines

What we need s a strategy for load balancing which

will hov e roe o sl mpact on deadhines, I owe wisa
tooreate as aniform resonrce loading as o possible we must
heoprepared to o adjust the time when activities are pro-
censrdd s ahyect to not slipping the deadlines that establish
thic e hoedhude, Ihis s possible only if there exists slack
tane e one oromore of the activities making up the sched-
e A eentreoe vrew of Dife sl convinee s that there s
b b i g schedabe wath o slach andd the corallary
v that  tnere s no schednie that uses 1006 of  the

Passoar o ing

Fhe eoblom can be attacked by constructing o daily
resoncee utihization plot or table for the period of the

wohedale tor cach resource, Fhas plot will typically show
peaks and valleys no peak can be larger than 1005 or the
schedule s not feasible. A relative  measure of the

iesonrce abtihzation balance s the sum of the squares of the

danly resource utilization for the period of the schedule.
1] t

For anstance, suppose we have a three-day schedule with

resource  atihhzations of 5, 11 and & on the three days.
Fhen  (OxD - TIx11T + &8x8 = 210) is a measure of the

resnurce tutihization balance, Any schedule with a lower
sum of <guares s a superior schedule in terms of balancing

the resource loading. Foe anstance, a schedule of 6, 10
ancd 8 (0x6 - TONT0 = 38 7 200) is better and a schedule of

o .
v

008 and & C182) vw bhest of all, With the criteria of min-
muzing the sum of squares, we could begin shifting activi-
ties  around  so  as  to achieve better load  balancing.
However, we run the risk of balancing resource X at the
expense of greatly imbalancing resources Y and Z.  As the
mteract-ons become more complex, it probably behooves us
to tind g more forma! technique which can be written as a

corpnter algarithm. 77

7 Joseph Moder and Cecil Phillips, Project Management
with CPM and PERT (New York, N.Y.: Reinhold Publishing
Corporation, 1965).

1%1%
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Stany o s hedubing and resource allocation poeoblems are

GaetodIy repeesented as o networebs s Network analyae s part
ot the formal <treacture of mathematios, subsamed in the
ated b an o grapdh theory . We  willl content ourselves
with o mere specifie ool gt networks  as they  relate to
Oropect management. Aoy propect ma,y he considerad o be
made ap oot ungoely dentifrab e actecities ) the som of which
constitate the project.  An entice business might be consid
cred o project, oc the bhusiness mught bhe thought ot as the
oot g o number of projects. The division s arbitrary and
wolpcted tor the convenience of the analyst.  Samilarly, the

Lo composed from o subactinaties and sooon.

activitres congld
PU ol Lttt e o o tatial purpones tao dook at o only two
oo

el o proroct and ot conatituent activities,

Aoty ity Descrmption
A heystroke time shoet data
5 Revatroke master account file updates
( Fun account breabonts
' o e sheet exceptinn repaorts
! ot weebly account summaries
f Bae overame compensation report
G Foun master file update
H Foun exception report on master file
I Prepare new master file for AR system
J Fun payroll checks

Ihe aotivities making up the project may be thought of
a5 a graph with nodes, representing the end points (mile-
stones) of activities and dhirected, connecting hines repre-
senting the activities themselves.  The resulting graph then
shows the precedence requirements of the network. Con-
stder the following descrmiption of a network for the activi-
ties shown above

Activity Nodlag Schedule Reqguirements
A 1-2 Say begin with the project
B 13 May begin with the project
C 200 May begin after A completes
D 2.4 May begin after A completes
t. ) May begin after C & D complete
F b6 NMay begin after D completes
G 3-6 May begin after B completes
I 307 AMay bLrgin after B completes
| 8 May begin after H completes
J 6o “ay begin after G, F ¢ E complete

O
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I T Y S PR VI G SN IR I TR PR SRR B VAR i et o tovaty
St e Prc P e the g b e the oy ol
e b e v htient o teorties e tere e nnbet I he start
Gt et s e Joe bty biece Yeee ot e b it
B O S AT SO S I DYIOS NENT KR U NP LR K
R S RS N 12 DU B T Beown i o e o et the
Sorrenestno pen et e oty ol ) Phie widl b
by e, acteoit, e be abthoneh ot g tated e iy
UL e peaeqen e ne e Peorethelecos hececaary Lo
coagc e ATl e e et e b, b st ot the et
K I R CN R CATE IR IRS RS S FE AP B PR R PR TR R Y
Foo st o the eyt e e b e e
[ Y ST S S IR Bovro tort 4 whino dr e wnd ol

P e by, P canr gl et ek e iy boons the

i respairesd b e tornn va b Livity Phie charocteristic

Cobb b eteats b Lo o eetaor b chesorention et s

ol werr il weant to rtatn the tome regoired
. i R R N ' ot Ve penanetey,
ol P e . Caalies b e e Uil Civaras tere e s

b an ot enbud e deeloriptens of time and or cost,

CBer reacnroe teedd by the actectien, etes bach of these
coctet e oy b e st e thie network analy s

i

v bt g h betweon dotermmantic and preobabilis -
e geometrren, there are bwo wellh Rnown technigues  of

atraly s Prothe geometry o deterministic the technique
Generadly eed e catlod the Ot al Path Sethod (CPNY D 1
the geometery s probabihictic we ase the Program Fvalua
Lo andd Roevieow Techigie TPERTY fach analytic proce-
dure oresumes some ohectinve function, such  as  menanum

time too complete the network

P he sinpleat case 1 CPADwhere both the geometry andd
topohgy are determinnstio Proboang some time (say 170} as
the nitial tie, e sash Lo deteronne the carliest times for
Al mlestanes  to be o rescheds the Tatest we awill call the
carly completion time. Our precedence Graph requires that
no activity boegim until all its predecessors have been com-
pleted, the Iongest path threoagh the network being called
the critical path. The earle =tart of the nodes s easily

Catculated,

Coven some larget completion time, we could determine
the late fimish times for each activity so as to meet the tar-
get tume.  This could be accomphished by creating a dual”
of our early start function to process backwards through
the network.
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B brequeenths et bt tall oot the ol o Hoat

Lo ot ot e, Fhes total float o0 detmed an the dittor
chces hetwenn the Tate andd carly o tarte (o {he late  and
ol i e b e, Feo ooy od that the
Cornd thot ot g nmbaer o o Tt e 1 oo mchreating that

pechacl e bl that s ey g e the it al jrath
Vel b ol et i terme ol ety the carly start
cro bttt netaer b

A ohpections pansed b CEM hias to doowath the activity
B0t To presume they are determimistie 15 to assume
Uit a peiors booashodage Cusoadly e the form of cNperience)

ey e Fon comptor Gperations, - stance,  we
bt b a5 b agres ol onperience n runnineg  the
payroll allows o to state with great confidence the CPU
tme required too ron the next payeoll. On the other hand,

the sottvere designer might argue that each of his projects
Foned i mont wenses, ity activities) represent new, unique
undertabngs and o probalalistic estimate s moroe appropri-

AN Sy aiprtopeabe wtat e tieal bt tion coald He
e and e e pected s value used as the Gime Character-
hie an T analysis lecause most estimates are made
I

oy peepdle not particalarly famihar waith s atistics, a simpli-
Pl fracess hased tapon the character of the Bota distribg-

tian bas bheon developect Fhe e timator s asked to suggest
values for an optimistic, 4 pessimistic and a mest frkely
time, The cxpeocted time and its standard  deviation are

then astimated as the sum of the optimistic, pessmmstic and
tour times the most likely,  all divided by six, and the pes-
simstic minus the optimistie divided by six.

A tome analysis of the network is then performed with
CEND using the expected times computed as  above. If we
assume that any path s o chain of indepencent activities,
we o may take the varance of the path to be the sum of the
variances  of ndhividual activities maeking up the path, the
mean  time for the path to be the sum of the activity
expected times, and the distmibution of the path time to be
Ganssian,

We may now deal with questions such as “What is the
probability the project will take more than X time units?".
One must remember that we have considered only the crit-
wal path. We could also investigate alternate paths through
the network.

Ibid, p. 135
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Probably  the most obivoos resource consteaming  our
prrochc tion Sonvedule K tine 1 he time constramt,
covpr e o deadhines s was used mphiaitly s (by working
bl L entabihinn the cheduale crrgrially In  CIN
Corme, the only way oo mmpros e the schedofe st shorten
ae bt o thie crtieal path Al ot cetical activties
Prav e Lome ot \We o can ogenerally  think of some way to
capedite any ity or et ol activities. o fact, s
Coonerally e e anederlying reason why sve acquive a larger
CPle add data entry  personnels et The process of
Stertemng the crtioal patho s called cranlundg.

g anders the coeed tor some b of cont trade

SRS W asually el the method of  proces s ot artivaty
which s cheapest for that activity. This 1s a form of
b optimization  as o owe never  asked how  this particular
activity ampacts the cost ot the whole project. An o alterna-
tive methodd af  processimeag an acavily nay dllow 1t to be
completed tanter, Hhut ot greater cost. We  could use this
T L S R B TE N E R TS PRI AR IE fhe oo gl faster, at ome
Pt o eme el cont Pios cost couid then e compared

Lo other alterndatives for expediting the schedale Cand therr
Contol Lo determmne the least oxpensive way toomprove the
whedute

The more diffcolt ty pe of resource constramt ocours
when the resonrce s fixed gn o sizes Multiple activities con-
tending for the resource may requre that some go unpro-
Conand, or ot least be deforred for processing, which drags

At the  schedule fhere exist mathematical  algorithms
which will aesiat in developina the least dragged out sched-
ule They are somewhat heyond our qgeneral level of ois-

cussion but o are  ambedded e most CPM algorithins
mnplemented on computers.,

Service Charging

Seale considerations  and organizational dynamics  have
bed many umversities to conclude that there are significant
cconomiers of scale n computing  installations as well as
desirable organizational efficiencies experienced by centrali-
zation of responsibility for the total computationalfunction.

for reasons  previously discussed, this  centralizing
move hardly ever results n a single large scale computer
for the satisfaction of the total wuniversity information
systems needs. Far more likely is the development of a
contral authority controlling a local network featuring multi-
plte GPUs, multiple 1/0 devices and generally an array of

12K
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Booab tebin i termal ey, e, 0 For many admie,
Pty o by e et ahiz e b U et tore for
ety e e s oappet gt o) e oy of remaote {ole
e e e b b aadly e nt, el Lo the ool

Preetg g |

Sl oraamn s ations are taced o waith the came pilethora of

e petaent proh o e e ity of thoerr cuntomoers, . Not
e aneengs thean are peobleme of phiysical and persons ol
s, entaries coheduling aigorthme and the nece sity of
Aottty oonly tor nest year s hudogot Justitrcation,

Voot s peeded By nch computer authorities s g manage
meenl et Ly tern

Srnce the data elements inheront to the decision proc
eanesare by acd large the service items hemag purveyved,
and e the deyvaee purveying the bulk of the serviee
e b g memory aned s constantly  monitoring itself, an
obivioas conchiision suggests itself . Why not cost the items

Aoierate g ot or Tprobit”™ o center,

T
Vs enerating v entories and  audit trails of services
proviced  bhudding o appropriate scheduling techniques and
chirectly addressing the accountabrity information problem?

Aany wondd argue that the overhead and complexity of
aperation as g cost center s too high tor smaller centers
and consequently an unwise and uneconomic decision.  Oth-
s owould rebut that a4 system so confiqured must then be
metficient fand uneconomic) from the standpoint of econom
s of seales For our purposes here, suffice it to say that
compiter services charging is generally efficient and desir-
able for mediim to farge instatlations and smaller installa-
tons could be so accounted if they subscribed to a network
contasning at least ane larger installation.

For any size instaliation, if service (in the computer
ntihity sense) is net the primary motivation for the computer
cperation, computer services charging will have less desir-
ability The typical comparisons drawn between computing
centers and production hines, libraries, or power utilities
miGght make a4 strong case for stipulating that all central
computer operations should be in the utility or job shop
made and single user minis in the library mode.

** This section is adopted from R. C. Heterick,
“Systems AManagement and Allocation of Resources Techni-
aque,” Fconomic Considerations in Mnnaging the Computer
Installatiorr,  Association for Computing Machinery Proceed-
ings, 1971,

12;:
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Sioona computing system  configured somewhat  as
cribeddwhat o must computer services charging  accom-

Fh™ Thes Gquestion is probably best viewed in terms of
haeee e mvelved  constutuencies: the university
cureeteatine hierarchy . the users of the computing center

i pement of the conter ptself

Aoicmpiter services chargimg scheme implies a money
Soanerement oand disteibution system an economy. Other
“coemputer credit’ systems have been devised, but
ot a dullar system remains  prevalent probably
its more comprehensible to administrators who may

Gooy nel nnderstand computer systems jargon,  No one in
i sipetingg user coanmunities will be without an under-
standhing of o daollar charge, as this form of money manage-
ment o exactly  wohat they a-e accustomed to in  their
cieerating, capital outlay, and ~ther budgets. In fact, for
oo departments n the organization, the computer budget
may esceed the tetal of all otner budgets., Consistent with
nanersity pohicy in managing other budgetary items, com-
pruiing doliars should be seen as liquid assets, exchangeable
tor services other than computing on a dollar for dollar
Yianas

ihis 1s, of course, one of the major rationales for
moancoement too considar compuater services charging. To
ety rally money managers 1 the  administrative hier-
archy.  the distribution and control of computer services
funds should conform as nearly as possible to the adminis-
trative hierarchy itself. The implication is that he who
Ggives can also take away.

In such a budgetary system, all accounts point to a
funding account with no particular hierarchy assumed.
Conseqguently, the funding and accounting structure embod-
red in the job  accounting system parallels exactly the
organizational management structure. Embedded within this
administrative accounting structure should be some provi-
ston for extracting program related accounting data. As
higher levels of management aggregation are reached, pro-
gram rather than administrative budgeting may become more
attractive ¢~ rational. Only end users may actually pur-

chase computer services with their funds. All  other
accounts exist soleiv for the purpose of money management
and accounting. Competition for credit allotments to pur-

chase the limited computer resource is monitored by the
various levels of administrators within the university.
Administrators are able to control the allocation of funds in
all accounts directly funded by them (shifting, adding to,
or reducing funds) and indirectly influence all accounts in
thetr chain of authority.

2.
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Computer seevicr s charging to be successful must be
realistic, quitable.  and impased to recover costs  (and
protith rather than arbatracrily discriminate service classes.
Foabistic impdies porang o reconer both direct and  indirect

Gherating costs. Cagrtable anvolves appropriately  defining
grrts et ocervies an terms b itferontial system resources.
Fhee vser s much cnncerned with eqinty but only  slightly
woth realism The center management, on the other hand,

s oareatlhy concerned with recovering total operating costs.
Chargimsg o recover costs satisfies auditors and, generally,
imternal aperating divisions within the university structure.
Arbitraridy  discriminating services classes will likely create
problems awith Goocrnment auditors and possibly with nter-
nal auditing statts.

We are often bemused by the information systems man-
ager who pomts to his low rates as justification for service

[evels achieved. Frequently, indirect costs such as floor
space, custodial services, air conditioning and electric ser-
vice, etc. are not figured into the rate structure. In fact,

if most umiversities appropriately evaluated the cost of floor
space (particularly an arban campuses) we would expect to
see the computing center somewhere ¢ ‘he far environs of
the campus rather than in the main ac dstration building.
[t 15 not uncomman to see equipment costs amortized over a
fifteen-year perind wher tha economic iite of the CPU s
hardly wver more than three years and most peripherals
seldom more than six.

Given typical budgeting procedures rollowed in compu-
tavional Intensive orgsnizations (universities, research and
development firms, financial enterprises etc.), it is likely
that the data processing budget is uttle related to the
potential demand for computing. \Where there exists some
external demand for services, an arbitrary multiplier
(greater than 1.0) of the internal rate might be applied.

The user wishes to have a technique whereby he can
influence the allocation of computer resources to his jobs.
Computer services charging admits of this influence within
the constraints of total funds available to the user.
Charging removes the arbitrary constraints of job classes,
time limits, storage constraints, and the like. It imposes
the alternative burden of money management on the user.
caperience indicates the user prefers the money management
problem as it focuses his selling job on his administrative
superior rather than on those “"unknowledgeables” in the
computing center.  This shifting of managerial responsibility
back to the administrative structure is regarded somewhat
ambrvalently by administrators. Strong administrators wel-

o=
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come 1t; many regard it as a mixed blessing.  The ability to
mfluence turnaround time 1s a necessary prerequisite for
user arceptance, It addittonally  contributes to improved
load Halancing.

Erom the standpent of the computing center itself,
computer services charging presents o confusing dichotomy.
While gretified to be reheved of scheduling and resource
ollocatinon problems (which they are probably not well quali-
fied to make), etficiency of utilization of the computer
resource 1s also removed from theirr direct control. A high
level of understanding and commurication between center
management and top management of the university is essen-
tral. Top management must be convinced that something
approaching 100% efficiency of computer resource usage does
not unply maximum resource allocation to optimizing the uni-
versity objective functions (whatever they are). Parallels
Letween the use of the motor pool, office space, etc. must
be drawn and understood. The mystique of 100% utilization
must Le dispelled, or center management is confronted by
unresoivabie conflicts that will obviate the advantages of
cost center operation.

Job Accounting

I'he cost center concept is most easily implemented by
a service utility oriented computing organization. This ser-
vice orientation implies a management that seems to be
increasingly typical of installation managers in the large
corporate and institutional computing complexes. An instal-
lation management that views itself as providing information
systems services and considers the internal design of soft-
ware and operation of hardware as secondary readily
accepts the cost center concept. Centralized "make or buy"”
decisions iminediately raise the questions of in-house vs.
external costs in the satisfaction of organizational computing
needs.

These cost trade-offs are meaningful only if the center
is aware of its "real” costs of operation. For those centers
not operated as a separate corporation, the overhead (elec-
tricity, physical plant, external administration, etc.) attri-
butable to the center must be distributed to it and made an
integral part of its pricing and "make or buy’ decision pro-
cess. Those organizations that encourage the dispersal of
data preparation, program submittal, and output checking
back to the operating departments should be capable of
developing more realistic and equitable charge rates. For
highly decentralized organizations such as universities, this

l() 3
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overhead disteibution may be 200 of  the actual havdware

Buadaget. For more centralized organizations, these overhead
conts omay o bhe 10U o more of  the hardware budget. In
tact,  tor highly  centratized  computing operations,  the
accertanment of Treeal’ operating costs may  lead to strong

ccononne arauments o tavor ot g omore Jdecentrabized Gy pe ot

cai At i,

The funding ot a cost center operation can present
cifficult problems to computer center management. It is
chubhttal whether o cost center approach wilh work 1f “"make
oo bay T odecisions are not vested solelv in the installation
Pianider o nformation syvsatems  caordhinator, I'he additional
clasticity, of demand (and its anallary cash flow problems)
senerated by permitting non-information systems administra-
orz carte blanche to decide whether to buy inside or out,
i o tormidable  problem accompanied by an  absence of
publicized successes. Since the computing capability is
constant (at least in the 90 to 180 day short run) in the
tace of o variable demand, probably the best funding
Drotedinre s oanoff the top” minimum pledge by ail operat-
ing divisions of funds which will be transferred to the cen-
ter, arrespective of lesser demand. The elasticity of sales
and hardware lead time problems are thereby alleviated,  In
their place s substituted the necessity for the center to
predict accurately the number of units of chargeable icems

to e sold te insure reasonable prices  and adequate cost
recoveries.  Under or over recoveres of 100 should present
minimal  prablems.  Deviations of more than 100 can create
serinus  dislocations., In order to avoid the problem of

under or over recovery, suggestions have been made to
engage n retrospective charging based on service units
actuaily supplied during a week or month. This would of
course be totally impractical for commercial time sharing
services and seems an unfair abdication of center manage-
ment responsinthty in noncompetitive situations.  The user
should not be faced with variable costs, totaliy beyond his
control, ‘simply to relieve management of its planning
responsibility . A technique of anticipatory rather than
retrospective rate setting seems more reasonable.

In a cost vrecovery, service charging environment,

user liability is or can be a serious concern. The most
effective way to limit user liability for unauthorized use of
his account is multiple leveis of account protection. These

levels of protection can range from routing output through
locked boxes to typical account password protection.

Additionally, the account structure may be esiablished
on a credit balance principle. The user is liable only for

’-

1 27 it



O

ERIC

Aruitoxt provided by Eic:

120 OPERATIONS MANAGEMENT

the wmount of money n his asccount and any attempts to
cr 5noa gob generating charges 1n excess of his account
dce will he automatically flushed from the system.

It 1s worth mentionmg that charges must be reproduc-

iHle ta provice sutabile user eqguity., As in the case of
rotrospec ive chargima, the user should not be subjected to
vartable pirocessing  costs beyond  his control. Sufficient

differentiation of service charges should negate most of the
8! ¢

arguments advanced for defraying varable system overhead

Lo user jobs.

hee cont coenter approach mohes o formabiem for han-
Aling  programmng and  svalems  analysis that many  uni-
N t - N

versities do oot currently follow.  As charges are made for
these services, allocation of the programming resource
bacomes  highly  affected by user demand. The technique

that seems to have been universally accepted to minimize
this 1mpact 15 the RFP (Request for Proposal) procedure.
Alb non trivial requests for program changes or systems
deveiopment  generate o proposal from the center to the
regruestor with time, personnel, and cost constramts indi-
cated . This proposal 1s negotiated until such time as there
ts mutual agreement upon a statement of effort.

Many of the currently extant accounting packages do
propect rather than poh accountineg. This s particularly
true of the batch packages.  Project accounting represents
an aggregation or accumulation of job accounting information
but in practice cannot substitute for job accounting. 1f the
user 1s to assume the burden of money (machine resource)
management, he needs a “real time” bill for services associ-
ated with each job processed. This is particularly the case
i highly decentralized programming environments.

Once an nstallation has embarked upon a course of
computer  services  charging to  faciitate  better resource
allocation, 1t 1s confronted with the question of how much
and for what to charge. Given the architecture of most
current hardware and typical system usage, the following
categories of charge are generally settled upon:

Central Processor
Unit Record Devices
Se:up Devices

Storage Media

Priority

Personnel Time
Communication Support

Luh 108
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Software
Hontal [ agupment
SMamntenance

In general, operating overhead s distributed to these

Categeeins an some reasonably  equitable fachion. Operating
overhead would o conter admnestrative salares,  dis-
tribsuted  orguuazational overhead, and all center services
which are provided at no Jirect charge to the user.  Such

center oservices  frequently  nclude  m-house  consulting,
general user publications,  and contributed staff time to
extra-center orgamizational committees and tasks.  For the
typical multe prcgrammed system, central processor charges
are qgenoerally made an three cateqores (iLe. execution time,

IO events, and core time). Unit record charges are gen-
eratly made for cards read, cards punched, lines printed,
ated plot hines or time.  Setup device charges are usually

miponed forouse of demountable tape and disk units, special
torms and print trains, special plotter setups, etc. Storage
charges are mposed on tape and disk files {(generally to
nciade recovery of ltbhrary mainter.ance coste).

Some form of a priority of service charge needs to be
implemented to develop user acceptance of the cost center

technigue. For most users, turnaround time will be the
most important resource they can purchase. Several alter-
natives are available,  Cost differentials can be associated

with prime or non-prime shifts, or a hierarchy of first in-
first out (FIFO) job queues may be supported. The FIFO
job queues is by far the simplest method to implement and
egsiest to support. Turnaround time itself is not sold, but
rather relative position in the job queue is purchased.
Personnel charges for programming and systems analysis are

generally straightforward and easily arrived at. It seems
generally preferable to build operations personnel costs into
appropriate hardware service categories. It is generally

necessary to recover communications control device costs
through a line connect time charpye. Remote batch comput-
ing charges can be computed in the same manner as local
batch. Timesharing users should probably be charged for
the same categories as batch wusers, but at a relatively
higher (or the highest) priority rate. Software charging
presents a new dimension to computer services charging.
Many installations recognize proprietary software costs of
from 10% to 25% of hardware costs. The simplest approach
to software charging is on a per access basis. For many
installations growing slowly into online management informa-
tion systems. such a charging scheme may need to be aug-
mented by = me form of subsidy until a sufficient number of
users are online, to create more reasonable char‘ge rates.
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Auditing

The actual determination of unit prices can be quite
complexs o practice. A general approach s to determine a
anit price based upon annual service Charge (ASC) divided
by expected annual demand (EAD) The annual service

Charge 1s computed as the sum of Jdirect hardware {lease or
anmortized value) plus indirect hardware software plus direct
personnel plus percentage of total overhead.

On the basis of past data and some extrapolation of
changing demand, the FAD s detormined.  Fhe unit charge
1o then diternined and rognded o desired. Rates are gen-
aeally net adjusted mere  frequently  than every twelve
months to provide some stability for users in their money
manaagement.

while the operating system is reading a job submitted
to the sy stem, certain job accounting routines verify that
the job's account number is eligible to use the system and
that this account has funds to pay for the requested pro-

coessing service,  This mmfermation is available from a job
accounting disk file contarming records for each account
holder. 1f funds are not available the job will be flushed
and not processed.  If the job passes all initial tests, it
will enter the appropriate job queue or go 1mmediately to
crocessing f ot s a tunesparing  job.  After the job has

Leen processed, other job accounting routines collect  all
Lilling mformation frem the operating system, calculate the
assoctated charges, and update the proper account record.
The final page of printed output can be a detail bill show-
g the current balance before nrocessing, ali costs for
computer resources, including a surcharge or rebate for the
selected priority, and the current balance after processing.
A Ll for each job run ts a necessity if the user is to man-
age wisely those computer funds allocated to him.

Lach account record might have several hundred fields
of information.  The job accounting routines update the
data in all appropriate fields. All of these fields of infor-
mation can be available for immediate access by a terminal
(a typewriter or CRT terminal in the center administrative
offices) and for any report generating programs in batck
mode. The terminal, with its own command language, can
be used to open, close, refund, adjust, and query accounts
as well as handle fund transfers from funding accounts to
user accounts and vice-versa. The report generating pro-
gramns are principally used to create end-of-month reports
for the university management structure, computing center
administration and individual account holders.
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Computer services chargma places woveral additional

esponsthitlities upon the  compating center, Specifreatly,
the center must provide dady audit trails and reasonably
entonsive secneity provistons.  Under such oo system, when

4 user wishes to open oan account with the center, he sub
mits o torm mdieating the tonds be allocated to hin signed

by o vl tunding aceount daolder, byoostating the amount
of funds allocated. the user establishes an upper limit of
Eabihity for which he may be billed.  Upon opening of the
doconnt, the user os assigned an account number and a post
oftree bhox nomber. he box can be o typical post office
how with o ey lock . Post office boxes can be located at
the conter and o remote statiens scattered throughout the
Catmg s The user submits his job with o job name that
destgnates  the station and box  number that his output
should be routed to. This eliminates the need for operators
to collate anput with eutput prior to returning it to the
ser. The user may protect his account by referencing his
account number to s station-box number.  While this does

not preclude others from using his account number, it does
orofibit them from receiving the job output, thereby elimi-
nating  any  advantage of using another account number.
Additionally, the user may create and change at his discre-
tion passwards for his account number.  Failure to use the
correct account number station-box number. password combi-
nation will flush the job from the system. Numerous other
softwars hardware constramts may be imposed by the user
on b account. Jobs can be time, storage, total cost, or
hardware resource hmited at the user's discretion.

Extracted summary data from the job accounting file
may be kept in an online installation management system
avarlable for guery from a terminal.  Typically, summaries
of accounting information by remote site, program budgeted
categories, total cost recoveries, ectc., may be maintained.
The ob accounting file may be used to monitor continuously
recovery rates and to review macroscopically the adequacy
of the rate structure.

The primary variable being optimized by the priority

feature of a job accounting system is turnaround time. By
selecting his own priority, the user can control turnaround
time to the extent he feels he can afford to pay. However,

designing strictly for turnaround time can greatly affect
throughput and system utilization. Some techniques can be
used to ameliorate this conflict. In order to accomplish a
better balance of user turnaround time and system utiliza-
tinn, (he priority scheduler could perform two auxiliary
functions called job aging and pass-over. Jobs in lower
queues can be aged, or bumped up, to a hicher job queue

RN
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atter e e o the o ol Gieaae tar a0 fesedd amount of

troe oeed oty et eles tedd o e e A gobh selection
afgoritom tot attemp s to select ol for processing  trom
Phe Bvghoe ot ponnity e contarineg pobis Selection is by
Pt e et ont wathon ooty wath the followimg excep -
tin b by et o e elec bad regures g nysteom
reenitee baach e toraaed which oo ot corvently available,

tho wlgerithm wdb ey over that gob and search the queae
Phigtiest to bowveest) tor a0 b titting into the  resources
aealable and havog o pbh tane of less than the soonest to
B completed gob currently o tive on the  system. I s
teshoegue alloves gorck roanmmeg Cand Genereally  small stor-
Goret pobe tos e thiese cthecw s o e reaaarces, withoirt
notecably aftes g the toenaroond b higher prioeity jobs
Hoyneg passed over. In order to provide an audit of job
accotnting  transactions,  parcrticularly  for reconciling  user
probloms o datly report is produced te st all detail trans-
actions handled by the system. These transactions include
not only the onbine transactions, but also those handled by
the acdimnstrative ternmal or by bateh updating of miscel-
laneous porsonmel and data preparation charges.

Queueing and Simulation

Perhaps the most direct way to attack the scheduling
probiem is through theory . At every point in the system
At ow e by chorce murst bhe made as to wihich tash occurs
next, o queue develops.  One could then view the sched-
ubing problem as finding the optimal strateqy for servicing
Guleiges In order to subject a waiting line or queucing
problem to formal analysis we will need to know, find out,
or make realistic assumptions about the parameters of the
Gueue.

Ve must adentify the population of potential cistomers
for cervice.  Caorrespondingly, we must identify the one or
more servers who will provide the service. tf all the ser-
vers are busy then queues will begin to develop. We must
know tha arrival vattern of customers cdesiring service in
the system and the distribution of times required to service
customers. ve expect that from this information and the
inathematics of queueing theory we will be abkle to estimate
mean warting time 1in the queue or system, mean number of
customers watting tor any particular service and the mean
number of customers in the sys‘em.

This is hardly the place for an exposition of queueing
theory, but we could investigate some simplistic applications
to provide a flavor for how queueing models might help us

133
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rcenver good schedating steategues [ the syatem has an
Meraae o bwo gobe per onnute entering, and b the anter
arrinal tiees are exponentiolly  desteibuted Ga common and
Goaatly valed aseomptond there s oa 0 chance that more
han two obi o watl enter the <y wtem o any nanuate. HE the
oy b vy atihzed s way greater than U000 we can
dovoern that e el Yot deelens ey fong queues and
e e cathe tanteally the mean turnaroand time for all jobs,

Oueneng theory  will also tell us interesting (acts
Aottt tne efrects of seale. Howe double the mean orrival
Fate and the mean serviee time we halve the mean waiting
e bt by e the mean guoene size anchanged,  Anplyang
thin e ot ceasonimg o shitting oar worblead  to two
computers (each hatf the speed of the larger system) the
mean nomber warting will remain the same, but the mean
watting time wilt double ane more weapon in the arsenal of
those who tavor lacger machines.

The tisalts of queueing theory problems, and some
that are ot capable of aueueing analysis, may also be
obtamed throogh sunulation.  Sunulation carries with it the
penalty  of ncreased  problem setup time and  frequently
extensive utihization of a computatinnal resource to effect
the solution.  There are several excellent simulation lan-
Guages, GPSS  (iBAM's General Purpose System Simulator)
bemg one of the easiest to learn and nse.

In the terminolagy ot GPSS a transaction (in our
example, a job}l must be GENERATEd, pass through the
system OUEUEIng for tfacilities (in our example, the ser-
ver), SEIZEmg and ADVANCEing through the facilities,
RELEASEInNG the facility, and finally, TERMINATEIng or
leaving the system.

The system is structured around a clock. A time for
the next transaction to enter the system is set by the
GENERATE  command. The current transaction is moved
forvaard until 1t is required to wait, either for a busy facil-
ity or the necessity to be serviced. The status of each
transaction 1s kept in a table showing its next time to
move, where to move to, and its current location. Upon
encountering the TERMINATE command the transaction s
removed from the table. Each transaction may be assigned
a priority and queueing disciplines are effected by the pri-
ority. We could similarly create FIFO (first in-first out),
LIFO (last in-first out) or any other discipline we wish.

Perhaps the best way to gain insight in predicting
system performance and attempting a priori analysis of the
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pact ot sytem changes e theraogh sanalation. I here are
aonumber ot proprietary software products on the marl ot
shich will even malate the behavior of the havie hardware

Componentey AU thes bovel ot s trequently usetal to have
cheveloped oy nthetic pob tream of Fernel rontines . 1 howe
Fornel vaoatines are denagned wooas to overome the compiloer

o steme slarly to application coftware tor

Compute hound routines

IO bound routines

Data movement

File upedating

Compalation and execuation e rars
Libveary oy idation

and also heenels for

Dty manaqgement
lelecommunmcations

SGtorage allocation

Hponhing

Restart and recovery

Havdware and software protection .

Once a regimen of statistics qgathering has been estab-
lished one can begin to seriously consider simulation of the

system. The input to the simulation model can be drawn
from the data cathered tor porsecos of performance evaloa-
tion.  In many nstances, the Jdata needed for madel verifi-

cation will also be found amongst the statistics developed
for performance evaluation.

B

Security and Privacy

One of the best ways to improve communication with
both wusers and managers is to provide them meaningful
information on the workload and the response of the
computer system. Such information is of little value if not
presented in terms its intended audience can understand
and deal with, Like most managers, the information
systems manager is somewhat dubious of an open policy
regarding performance information. This potentially damag-
ing tnformation may, in fact, not even be available to the
information systems manager.

As to the latter, it is difficult to sympathize with the
manager who attempts to control and direct his operations
(often with annual buddet in the hundreds of thousands, or
millions) by intuition and visceral reaction. Charging,
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o hedating andl Geactaneg ol poresame and regqunre the
cntntence of cpuantita b e e arements of pertoriane e

Fopr mnmaaenent et trequently mterested who
1 g the connputen Tov ot oo, At for what, Crovondd
orantsation  of anmaagement  sunnnaries o can belpowal e the
pornt that there are ceally o namber ot resvources mvolved.
bn s regard, ot may beoa good dea to beep prrogram

Dirdogeted  accountimg recordsan o well as departmental
records Nothing v more depresasmg tooa binsy  managet
than o report o owhich he most wade through twelve pages
mowhich be gleans two atems of neefal mformation. T agually
andatastedul s the crammed outpat form which reguonres
e men and o Phuladethia Lavyer” Lo omterpret. Tar too
httle se s made of graphs anmd plots as summary reports
tor management . Escoption reporting s even preferable of
one coudd over get top management to ostop and define the
norms so that the exceptions could be identified. Manage-
ment summaries are nearly always better expressed in per-
coentage rather than absolute terms. In this respoect,  some

modhtication of the Kiviat graph might be an rdeal way to
express o qgood deal of highly summarized infermation.

Last, buat  certainly not least, an  effective tracking
system should address security issues,  We might categorize
security in two ways; physical and software.  Of the two,
the latter is  directly  the province of the Information
Sy ntoms Deparctment,  the former requirmeg a Good deal of
cooperation throughout the whole organization.

Physical security is somewhat easier to implement once
top management gets over the feeling that it must display,
usually behind glass walls, its computer operation. That
may not seem like much of a concern for those of us who
have never gotten out of the basement, but the attitude is
more harmful than the physical exposure. Access to the
machine room should be limited to operations staff and those
members of the systems programming staff who are specifi-
cally needed to correct problems which have been identified
by the operations staff. Tours, if one must have them,
should be scheduled well in advance and carefully planned
for. Even better, tours should be conducted via video
tape. Entrance to the machine room can be controlled by
inexpensive badge reading and combination lock devices.

Increased usage of remote batch and teleprocessing
should help to strengthen the real security soft spots of

input and output. In a teleprocessing environment, sensi-
tive input forms and output reports never exist as physical
items in the information systems department. Once users
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tamitiarize themselves with the ubigquity of online update and
sy, the need for so many input and output forms is
sveatly reduced. For the user office, much of this data
onnoats tormer (BUCL before computers) sensrtivity and
ated much more carefully in their own office.

¢

aotbware security is complex and expensive, but under
The total control of the Information Systems Department.
Increased usage of teleprocessing substantially raises the

need for software  security. As noted by ths vendor
seramble to o sti 7 the issue, this i1s one of the weakest

design points i most operating systems.  Password control,
. b the eastest forms of security to implement, is one of
the deast effective security measu-es unless “reated Guite
serously by all users Sensitive data in large files should
be protected by the data base management system as well as
‘he operating system.  in many cases it may be worthwhile
teoenforce security not only by password, but by physical
cevice address. The physical devices can be further con-
ol by requiring a key or special magnetic card to be
nued oan turming on the device.  One can think of other
secunity features, such as data encryptation, but in the
#bsence of real security concerns on the part of all users
thos i alway s be eastly circumvented. A good security
: ot onest start oweth education and o through with
menitoring.
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"If a man is willing to go as far
as he can see, he will be able to
see farther when he gets there."

The User

In the section dealing with Software Development a
“user’ was defined as the individual who paid the bill for
the systems development process. That definition is correct
but inadequate. Developing a system like the registration
system affects not only the registrar's office but the entire
community students, faculty, staff - at the institution.
We, therefore, have to broaden our definition of the user.
A user must not only pay the bill but also must be an
individual with sufficient management responsibility and
management perspective to insure that new systems do not
change institutional poficy without proper review and
approval.That is not to say that on occasion institutional
policy does not merit change - it does, but such changes in
policy should be properly considered and approved and not
be implemented by system defauit. Notice that so far we

have said nothing about procedures. Innovative systems
design will indeed require that, from time to time, operating
procedures be revised or changed altogether. The user

must have sufficient administrative clout to approve and
implement new procedures if and when it is considered
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desirable to do so. The defirition of our "user’ becomes
an mdinvadual who pays the bill, has sufficient management
responsibility to insure that institutional policy is not
changed without proper review and has sufficient clout to
implemant new procedures 1f siuch new procedures are justi-
fieed by the new method of operation.

How much computing background does a user have to
have? Clearly familiarity with computers and computing will
not be a handicap to the user; however, the user does not
necessarily have to have any computer background. Man-
agement of information handling may require a different
perspective but does not require exotic or complex tech-

nisues. Time and time again, it has been demonstrated
that simple and sensible management techniques are suffi-
crent. Some of the perspectives important to information

systems management are discussed in the following sections.

The System Perspective

information systems are "a complex interacting network
of people, procedures and machines. "?¢ No amount ot auto-
mation 1s qoing to comypetely remove the human part of the
system equation. Thus, in dealing with systems we must
deal both with the automated parts and the manual parts of
the system. Subsequent to successful implementation, most
system failures occur because the manual portion of the
system was found to be operating below the level required
for system success.

A system perspective also comes about by understand-
ing the interdependencies amongst the various systems. A
purchasing system must examine the accounting data base to
see if funds are available before a purchase order is sent
to the vendor and the purchase encumbered. The account-
ing system must depend upon the purchasing modules to
provide the proper encumbrances so that the accounting
statements are accurate. Similar relationships can be shown
to exist between student records and housing, personnel
and budgeting and position control and so on. If these
associations and interrelationships did not exist, it would
have been unnecessary to design them as integrated
systems. An excellent visual demonstration of the interre-
lationships was presented in a recent issue  of

¢ Jeffrey S. Lazarus, On Executive Involvement in
Administrative  Computing,” CAUSE/EFFECT, November
1981, inside back cover.
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CAUSE EFFECT .77 Thus it s the responsibility of each
administrative office to insure that there is substantial
understanding  of the big picture and their role and
responsthility noit. Failure to do so will result in periodic
finger ponting  between the administrative departments,

cach accusing the ather for its woes.

It s the responsibility of top management to insure
that each of the department heads has a larger perspective,
4 perspective based on institutional priorities and needs
which most hhely are different from the local priorities of
each department.  This problem becomes particularly acute
itoa goven department 1s considerad the "owner” of a certain
data atem though ot 15 not the only user of that particular
data  tem. Uniess top management clearly outlines its
expectations of the various data owners and excercises the
necessary  authority to carry out these expectations, the
sy stem s doomed to failure. Integrated systems require a
level of coaperation and coordination. [|f local politics are
characterized by confrontations, the chances for a success-
iul integrated system will be greatly reduced.

Data Ownership

The manager who is closest to the origination point of
the data item 1s generally considered the owner of the data.
Ownership of data comes with an implied responsibility - the
responsibility to insure that it is available in a timely fash-
ion and that 1t is accurate. In most cases the owner of the
data 15 also its heaviest user and has the best grasp of its
significance. Because of integrated data base management
systems, the routine access of all data increases tremen-
dously. Greater use insures better quality of data.
Greater access also brings to surface many of the discon-
tinuities 1in information gathering and information handling.
Hence 1t ts 1mpossible to clearly define ownership. The
ownership of data will necessarily be dispersed throughout
the organization: failure to define the responsibility for the
data can only result 1in what will later appear to be lack of
coordination, -

*7 Jack Steingraber and Douglas Kunkel, "An Inte-
grated University Online/Data Base System: A Reality,”

CAUSE/EFFECT, May 1982, pp. 12-13.

T 14()



O

ERIC

Aruitoxt provided by Eic:

131 INFORMATION MANAGEMENT ROLES

Control

Any system can be represented by a model consisting

of nput, process and output, The three stages of system
saphistication, DPS, MIS, and DSS, were shown as a black
box model 10 Figure 27 The nput consists of the raw

matertal used,  the output defines the objective of the
system and the process s some transformation that converts
the mmput to the output. This model 1s very simple and
very general. It can be applied to a component, to a sub-
system or to the entire system. Nodels of subsystems used
recursively define the model of the system.

In Chapter 4 we saw that the black box model can be
apphied to the three levels of systems we discussed. In a
data processing system the input is data about a single
entity, the output is information about a single entity and
the process consists of selecting, sorting and otherwise
handhing records dealing with single entities. At the infor-
niation  system level, the input is information on entities,
the output 1s integrated statistics and the process consists
of aggregation along and across subsystems. In the case of
decision support systems, the input is both internal and
external  statistics,  the »rocess is one of analysis and
modehng and the output s decision alternatives.

Control systems vary only slightly from the black box
model previously shown. Control is a three-part process:

* Setting of standards of performance
* Measuring deviations from the standards
* Correcting deviations.

In the control cycle the first responsibility of manage-
ment is the setting of standards for the output of the
system. It should clearly identify the expected outcomes.
Next, a set of management reports must be designed to
point out the deviations from the stated stan”ards. The
measurement of deviation varies from system to system and
depends largely on what is perceived to be the output of
the system. Two important methods of measuring deviation
are through the use of error reports or exception reports.

Correcting deviations is a management role. In fact, cor-
recting deviations is management. A key element in the
control process is feedback. Feedback is the recycling of

information, new or old, so that inputs and processes may
be adjusted to better, or more closely, meet the desired
outputs or objectives.
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In  dynamic  organizations, external influences like
market conditions ar government regulations might require
that the outputs be changed from those previously defined.

coen thon b the sy stem may be operating as designed,
tons realities mnght reguire new outpats and hence moditica-
ons of the existineg sy stem., A corrective action would be

necded through the conteol process.

As stated previously, deviations from expected results
are, or should be, reported to management at the appropri-
ate devels of the organization.  Corrective action can only
be taken of someone reads the reports, understands that a
deviation has taben place and initiates the correclive action
by proper feedback anto the input process.  |f the reports
dare not read, the process can never be controlled.

In several cases it is possible to measure the deviation
of the  output ood take some  predetermined  corrective

action.  These cates are candidates for automatic feedback
cointrol much as a home thermostat provides automatic
teedihack control Automatically  blocking a  student from
further oo teation when the OCA drops below a satisfac-
tery, devedl s automatic controf. Dropping a  student's
et nonpas ment of fes g utomatic control. If, on
the e ek, ot s teend that, say, 00, of the students

have been dropped from therr classes tor nonpayment of
fees, then pechaps there s o bug in the program or the

process that Complotes this tash .
Control gs g function far all levels of management at all
stages of the process. There are usually threce types of

controls:
e Preventive contrals
e Alarms or controls for detection
e Corrective controls.

The objective of preventive controls is to reduce the
frequency of error and hence reduce the exposure due to
these errors. The frequency of error is reduced by
reducing the opportunity for error and by proper training
of the staff. In the development stages of the information
system, preventive controls come from project management

techniques. The user's major responsibility is to insure
that the system being designed will fulfill all the agreed
upon needs. This is done by close and continuous interac-

tion with the development team.

RETEE
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Preventive controls are easily apphed to the input.
IThis s done by edit checks on formats and ranges and by

controlled values  of data. I'here are certamn errors that
cannwt be controlled by the sy <tem. For nstance, assume
that o data record contams the codes F and M for the sex
ot the student.  Further suppaooe that the admissions office

tinds that they have no mmediate need for the data on sex.
However, they do have o pressing need to distinguish
botween  students who apply for freshmen admission and
those who apply for admissions to the masters program.
OQuite arbitrarily they decide to use F for freshmen and M
tor masters.  The edit reutines will not catch this change,
as Foand M oare both vabid codes for the system. Clearly
the integrity ot the data has been completely compromised
for another user (say the housing office) unaware of this

locat change. It is therefore essential that each user use
the aystem as designed.  This is the most important pre-
vientive control. Changes to the system or to its intended

use should go through normal change processes.

Freventive controls in the output stage relate to mat-
ters of secarity and expesures therefrom. In a batch mode
where resutts, reports, checks and other sensitive docu-
monts are printed, 1t omay  reqguire that  special handling
procedures  be mplemented  and  documented. Controlled
distribution procedures should be used. 1n online systems,
various security procedures can be built. Access to the
data requires that proper DBAMS conventions and procedures
be followed. This knowledge, or lack thereof. forms the
first level of security. The second level of security comes
frem the data submodel. The applicaton program or pro-
grammer knows about and works with only that subset of
data that i1s needed to fulfill the job requirements. The
third level of security comes about by controllino the termi-
nal access to data. This type of sccurity is at a function
level. "The Registrar's terminal for instance, can see stu-
dent data but not payroll data. The fourth level of secur-
ity is at the data level. Data level security comes in two
forms: individual security and group security. [t might
be desirable to permit only one or two individuals in the
payroll office to change salaries. For individual security
the restriction is not on the value of the data but rather on
the individual that wishes to access it. In the case of
qgroup security, the restriction is on the value of the data
that might be displayed. For example it might be appropri-
ate to allow all departments to look at accounting data.
Terminals in the departments would accordingly be author-
ized to look at accounting data. But a further restriction
might be that Mechanical Engineering can look only at
Mechanical Engineering data and Electrical Engineering at
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Hlectrical Engimeering data and the Dean of [ ngimeerimg can
lonk at Al Ergimeering data but net Arts and Sciences data.
This type of restriction s on the value of data being dis-

plancds ot the ty e ot data o display

Alarms . o contendy for detection, come an the form of

crror reports and cvception reports, Ihey also come from
resiewang the contents o short life files hike suspense filos
and clearing  accounts, It the contents of suspense files
continue to o grow, gt asoa sure andication of trouble. If
clearing  accounts threaten not to clear, then we have a
Serious acCounting problem. It s the manager's
regooreabahite ta doal gt theese alarmes aned take correective
acht N

Corrective controls are controls that are built into the
ytem to help adentity tae problem, not correct it. In
computer programs an o error statement  that specifies  the
nature of the creor, where in the program the error occur-
red and when the error vecurced s an example of a correc-
Uiver control Correctuve controis anucipate the occurrence
of the crror and preplan the gathering of data for its reso-
Pistoony,

Fhe  mest amportant corrective control s the  audit
tratl. Audit trals are records that contam enough iforma-
tion to permit the reconstruction of past events. Audit

trarls  provide the  abiity to follow a  given transaction
through the systom at different points in time or to examine
ali transactions an the system at a given point in time.
Most application systems maintain an  audit trail of their
oW Fhis s most  helpful for error correction or for
dotecting  system misuse. In  addition to the application
audit traid, the data base managemnent system has a system
fog that acts as an audit trail even though 1t is prunarily
dosigned for recovery (1o, reconstiruction) purposes.

In summary, then, a data base system should be
secire. hts security comes from its ability to prevent
mmproper and unauthorized use; its ability to maintain 2
comprehensive audit trail; and its ability to recover frem an
madvertent or intentional damage. These characteristics
are possible if management exercises the proper controls
and the users of the system are identifiable and the system
monitors their activities through audit trails.
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Planning for Change

Unless sottware  technology  changes  radically  in o the
teat tese soears, the doyvelopment o antermation sy stems will
cottoonae too hieoa alow and expencive preocess. Inoorder to
reach the goals of the nstitations over an extended periodd
ct tune, o master plan tor informaton systems should  be

o eloped Fhe master plan should be based on a desired
aperating and management enviconment.  The aspirations for
A operating environment an the future must be based on
some perspective ot what the tuture will look hke. | the

master plan s based on concepts, equipment and technology
that st today o then by the time the sy stems are imple-

moented thoey vl be oot of  date and relatively  speaking
netficiont . Because of the rapidly changing technology,
the master plan has to be an anticipatory plan based on the

vosnomies of  the future, not the conditions and require-

ments of the past. Purther, the plan should be reviewed
Al revisoa periodically to reflect the changes in the envi-
ronment Sinee the planning horizon for such a plan s

teur to tive years, ot oas important that the plan be an evo-
lutionary plan that specifies not only where the institution
neads to be n the future but also how the future compo-
nente are going to oo exist wath the existing systems and
procedures., This plan will be extremely usetul to the
system designers and the users alike.

The next step in the planning process is to identify
those areas that play a critical role in the success of the
plan or have the most nnmediate benefits. These areas
should be outhined for initial nplementation.  Most institu-
tinns proceed sequentially through the implementation plans,
taliing  one system as a pilot and scheduling the other
sequentially  behind the first, This process has many
hazards. Requirements of other systems are not easily
available and therefore cannot be planned for in the pilot
project.  Aore importantly, however, if it seems appropriate
to buy a software system (such as a student records
system) then this procurement will proceed in isolation. A
vendor supplied system that may be very re. .nable from a
single application viewpoint might be totally 1r.dequate from
a total systems viewpoint.

It 1s recommmended that three or four areas of develop-
ment be chosen as critical applications. The functional
requirements of these areas should be completely defined.
Armed with these functional requirements one may now pro-
ceed with the implementation of a pilot project in one of the
areas. Should it be considered appropriate to acquire the
software from outside, then at least the proper questions
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can be asbed  about imterfaces with related  systems  and
judgements made on the responses.

Thas far we bhave said that a master plan should be
v e loged, Fhis master pdan should anticipate future tech-
notogy and he csubject to periodic reviews. A core group of
functional  areas  should be tdentitied  for implementation.
The tunctional reguirements of these areas should be speci-
tred.  Armwed with this information we should proceed with
the make veorsus-buy decision.

Fhe decistion to develop the software in-house or to

Ly ot e animpertant one. here s no clearcut answer.
The cconomcs and pabitics of the local enviranment will be
the major determinants in this decision.  The alternatives to

i house developmentare:

= Sottware exchange, either directly with another institution
or through CALSE?®

« Jomnt deveiopment with another institution
o Purchase from o vendor.
A thewn alternatives should bhe  axamnined, In-house

development promises to be time consuming and expensive.
Outside software generally cannot address all the require-

ments or pecubarities of the institution. Each institution is
distinctive and should  be. We do not need a monolithic
education system.  Whereas institutions are indeed differ-

nnt, some  of the administrative processes are common.
Thus there is a great potential for acquiring very satisfac-
tory software form the outside. Regretably most, though
not all, of the vendor supplied application software for
institutions s based on outmoded technology and operating
procedures. It would be fair to say that if someone gave
away a completely batch student record or accounting
system, it would not be worth taking, for its price in the
loag run would equal its value. This statement should not
be construed as a complete denunciation of batch systems.
Some applications work very well in the batch environment
like automobile registration or food service menu planning.
They work better in the online environment but the benefits
are not as dramatic as in the case of libraries, student
records or accounting.

2% CAUSE is the professional association for those
engaged in the development, use and management of infor-
mation systems in higher education.
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In Chapter 4 we pointed out the deficiency in the pre-

sent development process.  The major deficiency s related
to the level of nvolvement of the user in the entire pro-
Ceng Fhe real question is to o find  an optimal mix  of

dividuals n the  project consisting  of  both  users and
compiter professionals that will together achieve the project

ohjectives in o reasonable timeframe at affordable costs.  An
attempt was made to model software manpower costs?’ asso-
Ciated  with the development of software. The model took

several  variables  into  consideration including overtime
costs, costs of interaction with users and others, adminis-
trative and other nondirect costs, average duration of work
ttercuptions, average time to regain the train of thought
after an anterruption and so on.  Whereas we do not neces-
sarily agree with the methodology used in the paper, its
conclusions are far more acceptable and agree with some of
our o own o management experiences. The paper concludes
that the cost of a project increases exponentially with the
number of programmers assigned to it.’° Indeed, one of the
challenges of systems design and project management is to
keep costs linear, both with the size of the project and
with 1ts complexity.

The paper also concludes that in all cases project costs
are minimized by a project team of one, This conclusion
says nothing about the completion time of the project. Our
experience indicates that for complex projects a very small
and very competent team gives the best overall results.

'n light of the previous discussions a project team
‘Id be organized as follows:

* One user representative assigned ex<lusively to the proj-
ect

* One or two computer professionals assigned exclusively to
the project

* One individual from data administration assigned only
when needed to the project.

27 See Bob Esterling, "Software Manpower Costs: A
Model,” Datamation, March 1980.

® The reader is referred to the now classical book by
Frederick P. Brooks, Jr., The Mythical Man-Month (Read-
ing, Mass.: Addison-Wesley, 1975).

g
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IThe responsibihity of the user representotive 1s to ael
as spokesman for the user peeds. 1t s the responsibality
of this ndovidnal ta tatk to the various groups to determime
therr regun sments and beep them infoarmed about the direc-
Lot ard prrogreen ot the preopects bna sense,  this individ-
ual s the mterface to the Toutside  world.” Complete
responsbility for tunctional specihications,  user documenta
tianand some portions of user traming shonld be with this
mdnorduals Moreover, the individuat should be very famil-
rowith the area under constderation for automation.

The computer professionals should  work to rapidly
inpslement the ogsorntgl operating components of the systom
Faving reports and holly and whistles for later. [hey
should be working directly with the user without any writ-
ten design or programming specifications. >} Written material
“hoatd be used onty when it 1s deemed necessary to clarify
4 situation  that verbal and pictorial (hand drawn) means
conled not. I'hese individuals should also act as channels
theouagh which  additional  resources  are  funneled to the
project on o short term ad hoc basis.

Ihe data admimistration group should be invelved dur-
vy the data base  desiagn stages.  They should  also be
v elved b new data tems are introduced inte existing data
bases and of the values and the uses of existing data items
are to be changed.  Considerations of security and author-
1ized use of data are also items in which the data adminis-
teation grenp should  be involved with  the development
team. Finally, it should be the responsibility of data
admimistration to see that the auditors are appropriately
mvolved. The system should meet the auditability require-
ments. However, under no circumstances should the audij-
tors be designing the system. They should be evaluating
the proposed design for possible exposures and potential
msks.  The decision to take the risks is a decision of man-
agement:  a decision properly made by the user and the
ceveloper.

Periodic project reviews should be held with the mem-
H2rs of the users group and with other members of the

svstem development group. These reviews should provide
proviews of the system whenever possible. The overall
strategy s to reduce the cost and increase the

'Yt is only fair to point out that the opinion
expressed heremn is not universally subscribed to. For
example, see Tobey L. Miller, "Applications Development: A
Wholistic Approach,” CAUSE/EFFECT, July 1982, p. 13, 25,
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ettectiveness ot the (f('\.l‘]u;’lll“lll fritoceny k)y |).I\.|llt] G Very
aald pogect team; to bring s all parties anvaolved with the
propec U or attected by ot on an nfreqeeat bhut regular basis
b hiare wath them the progees of the project;  to tap
dhntnal resonrces onby when neededs and to design and
Grock by mpdement o baea oy atem

Once the basic sy stem s oan operation o large number
b people can be assgned  to develop the reports and other
Peatinn oy that a4 system absays needs and without which it
weoatldd not bhe o productive or useful system,

Do Compdete. the oneratmnal responsthility for the
avstem must reshift to the user, lhe user should  do
averything that 13 requived sn o a day-to-day basis to make
the system work, This inclucles data entry, updates and
thie runming of scheduled and ad hoc reports.  The user
oftice shonld have one or two computer professionats on
their staff to help coordinate the operations of the system.

Orgamzationally then, the information systemn activities
should be supported by three units:

e The naer with oonpdote cperational responsibility and with
responsibility tor minor nantepance.

s The systems development staff with responsibilities for
new systems development and major system maodifications
Lut with no day-to-cay operational responsibility.

e The Computing Center which provides the raw compute
powe:s and acts hike a computer utility.

In addition to these three groups there is a need for a
fourth group called the Data Base Administration group.
This latter group should be responsibile for all the data
within the organization - for its availability, it security and
its integritv.  They should also act as technical consultants
for the user groups that are managing their own systems.
The incividuals assigned to the user offices should be
responsible for that portion of the data that they "own."
The Data Base Administrator should have global
responsibility for the entire data resource. Notice that the
Data Base Administrator is a support group and at the same
time a control group for the decentralized operations group.

User developed applications are written into the future

of computing. It is the only way software can keep up

with hardware. Hardware is moving too rapidly for present

software techniques and practices to remain viable. The
‘y
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decontralization oy the  aperational responsabality for
admene teatinv e ytems oy an nportant stepr e preparig for
the tutire.

Software Directions

Mostoob the TingGoages i exiatence today,  at least
thowe danguages that are used with data base managemoent
systems, are procedure ortented Langonages in that thoey
specity  step by pantal step what the computer needs .o
o It s the cigor of thes procedure that makes writing
software so dittrcult and esponave Fhere n o newer gen -
eration of  languaaes used with data base systems called
“nonprocedural” languages o problem-orented lanqguaqges.
These Tanguages do have procednre bt only in a macro or
broad  sense Fhey lack the detal devel of specificity
requieed s bingunages hile FORTRAN and COBOL,

Thee nonprocedural languages, alsa called fourth gon-
cration lancguages, are getting popular.  Oxamples of some
of the tourth generation languages are FOGUS, NOMAD,
PAMIS and INOUIRE . We have already said that the direc-

o for Doty Do NManaogement . Sy stams s the Relational
Modelo s conceptual simplicity and case o use can casily
make gt o powerful tool in the hands of the computer pro-
fessional and the user. A combination of a powerful fourth

generation language with relational data base will go a long
way towards addressing some of our software problems.,

The literature  reports truly dramatic  performance
mprovements that are possible by the use of these lan-
guages.  The Bank of America has 500 NOMAD applications
running, all of them user developed with the help of a few
conzultants.’? FOCUS, too, has shown that much improve-
ment s possible with fourth generation languages. FOCUS
has a language that contains a wide range of English verbs
and EFnghish syntax. '’ FOCUS also supports an “integrated”
relational data base.  Integrated is defined to mean “that
every single relation in the data bank can communicate with
every other relation via any like key field or data field.?®“

'? Dantet D. McCracken, “Software in the 80's: Perils
and Promises,” ComputerWorld, 17 September 1980.

'} We are not sure if that is a good idea.

* N. S, Read and D. L. Harmon, "Assuring MIS suc-
cess,  Datamation, February 1981.




144 NPORMA TIONM MANAGEMENT ROLES

It oo hesigned to be used directly by the user. It has an
et e iphies mack age that allhws results to be plot-

Conowaith che oame ease as primting them.

Che sourth o Generation languages are inefficient in their
P b e ter resources ., [hov may  take anywhere
Ceeteeen o L0 o Lot more resources  depending on o how
e reuest ondd the sapporting data match up.  But
Wit compnter coats dropping this should not be a concern

Foe e b

crtan o charaster manipulations are not  easily er-
L3

Do ootheene baneqiiages. Applications that require this
LRI wilb ov e to depend on the COROL, PL/YT or For-
(QUTEN The most important feature of these newer languages
Lo thov permit Tinteractive development” or prototyp-
ey et ospella aut a requirement and can see it in
aoanoa couple of days or less and decide if it meets
thee penccement s Hoat does net, it is o simple to go through
anothe s e tion and another Gl a satisfactory result s
IR e g satieTactory result v avaianie e quess
. s e bee adddipaaged Shoald st tack e
1 e e et g paee T 0 i e ol
Cronge e o ements to e gained ot quntity the
T easorence awith thesa touis 4s, as vel. svery hm-
b P arateal rosults are dramatic. We might soon have
e b b e of divorcing ourselves from oongr exists
; tow e baas o arcdar to adopt the new technoloay. A
e nlesl aat then one o o b oweth
Lty
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That society can only be understood
through the messages and communications
facilities which belong to it.”

Norbert Weiner

Conmunications is an important aspect of institutional
administration. The ultimate product of an institution of
higher education is knowledge knowledge that it creates
and Lnowledge that it imparts to others. The written and
the spoken word remain as the primary means of communi-
cating this knowledge. The cost of creating, storing,
retrieving, transmitting and reading the words and text
generated on campus is reaching frightening levels. Stan-
ford University reports a 335 million a year cost in text
processing and communication alone. This does not include
the cost of the author's time to create the material and the
reader’s time to digest it. The cost of photocopying alone
at Virginia Tech exceeds $1 million a year. Nationwide, the
cost figures on information transfer are even more stagger-
ing:  $129 billion are spent annually on communications of
which 34,9 billion are for typing alone.

What has this to do with university data processing?
Everything! The issue is one of productivity and of effec-
tiveness. A student recruitment program that can send out
high quality personalized letters to prospective students
stands a better chance at recruitment than one that mails
out an uppercase only computer printed letter or, worse, a
form that checks the applicable options. A fund-raising

150
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Sreagroen would ho roelatively mnmeffective without
G bl mahings. There are aleo similar examplec
wothan the anstitoten . The faculty spend numerous hour:
G atree iy the ek of thers searetaries.  During  each
e e e ument preparation process they have to
hne Letween mabines chan jes to o mmprove the

i oot makang changes  to avord additional retyp-
g tor the secretary. Secretartes spend numerous hours
Aoang the various versions of the same document till it s
boally anaded out. These are only a few examples of the
Grrias ana the unnecessdary and dupiicate work that now
gecs onon our institutions, Fxperience ndicates that auto-

b et banddineg svstems have anoamportant place 1n our

s anoe ament Whees good n an otfrctive manner they
e duen the time for document preparation, reduce the work
e ciiated wath ot and produce a better quality document.

A this hae to result in better productivity.

Arve these automated systems cost-effective? There are

Vs e anvohved here. The first assue s one of eco-
IR Ce (it of an average ietter s more than six
[T P e oo Little ander thees dollars Tess than
Wt iy nden e can creamatically  chanage the away
v e o mal, the costs are sure to continue to

b becanse thoey are tied directly o nersonnel costs.
(ot mpray ement in productivity s the only hope

Aosagnt

fLGomtann these rising costs. The second issue is an
el ot necessity. Most anstitutions are facing hard times.
CoMars are hmited and positions even more so. Improve-
mrents i the quahty of our programs will come only if we
b o more productive use of all our human resources. This

anphies egually te faculty, professionals and clerical staff.
The ootput of an anstitution s measured by the output of
it tacuity . At present, based on a very small sample, the
Sarsonnel distribution inoan nstitution s about one third
tacalty, ona third nrofessional and one thire clerical staff.
Chee apoieatian of text processing tools has the potential of
hanagineg the ratio of this distribution or increasing
thie o erall faculty  output  and productivity keeping the

same ratio.

!
ther

The growth in farm productivity has been a direct
rosult of technology. An average farm worker is backed by
225 O i capital equipment and machinery. An average
factory worker has an anvestment varying between $25,000
and 230,000 {depending upon the industry) backing his
wirh . In the case of the white collar worker, the average
car o tal anvestient s reported as being only $2,000.
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Ravmond keashan arqgues that of an imvestment 1s made
rocapntal eguiprment needed in the oftice environment, this

Sovestment owill porodace  a greater return than the same
drvestment o the farm or o an the factory. ' A $5,000
teestment el ancrease the caprtal investment for a factory

woerb e by 2000 ot thew 200 acdditional investment is not
biely b rewudt an a0 200 ncrease in productivity.  On the
ther hand o 35,000 investment 1n an office environment will
not enly doabile the present investment but will also change
the vntire approsch to the work done in the office. We will
change not oonly how we do things but also what we do.
Fhis can be truly <ignificant as large numbers of people are
oo el e the affice environment., Already 505 of the
O s e rated by the white collar labor farce. In excess
ct 130 of the total laber force 1s white collar. Clearly large

potential for significant improvement exists. The percent-
AGges e even omore attractive in the academic world., Their
Dot worreds certamndy lends itself to this technology.

Planning for otfice automation may indeed be the most cru-
cial e anonstitational planning.,

Ihe remainder of this chapter examines the various
anpects of erd s Dracecang and  office automation and  the
physical means of transmitting the text and messages gen-
crated across the institution.

Office Systems in Perspective

Fhe functions performed in an office environment may

be grouped into five broad catagories:

* Text processing

o Text chstribution

e Text reproduction

* Records management

o Administrative support.

' Raymond  Kenshan, President, Management Assis-
tance Inc., New York, N.Y.
L5}
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A text system will be construed to consist of the first
L tearies s teant processing  and test distribution. '*
Tt provessing s the function of reading, writing, revis-
i g aned retriesang test, in order for a system to
e setul 0t nas to be both o available and casy to use.

Aoabatahity amplies that the computers supporting the pro-
Foss e oup and that enough terminals be available so that a
danr has oaccess to the computer system.  The writing of
tent nvalves the ontry of new text, merging of new text
with old test or merging of old text with old text to form a

feew test Ihe obality to write 1n mathematical notations or
torego languages amplies the existence of special fonts and
Cliat e ter ety The ease of revasing of the text depends
Larcely on the oditing capabibities of the system.  The ease
with which a given hine, page or word can be found deter-
mwines the power of the editor. Once found, the ease with
whith new text can be added and old altered determines the
Droductivity of the user.  The reading of text is facilitated

by gustification, hyphenation, spacing, etc. of the text.
The entire process is helped by automatic aids like checking
spoeliing, numberning tabies and figures, and automatic foot-
foting, ddeving and Generating a table of contents.  Filing
ct o teat hias two parts case of retrieval and security.
fhus a filing system should Le ecasy to use for the author-
ized user and difficult to use for an unauthorized user.

Text distribution may be accomplished in two ways:
onhine and offline distribution. Offline distribution deals
with copying, printing and mailing. It requires computer
support for mammtaining mailing lists and producing mailing
labels . These are functions that we are all too familiar
with.  Onhne distribution deserves some careful analysis.
There are two types of systems dealing with online distri-
bution electronic mail systems and electronic message
systems.

Electronic mail systems are point-to-point communica-
tion systems.  They transmit infor sation from a source to a
destination where it is printed. At present electronic mail
s a 32 billion industry dominated by Western Union and
ITT. There are two basic types of systems for electronic
mail:  teletypewriter systems and facsimile systems. Tele-
ty pewriter systems can only transmit characters of informa-
tron, fucsimile systems, on the other hand, can transmit
graphics information thus letterheads, signatures and

'S parts of the next two sections have appeared previ-
ously in  varicus consulting reports prepared by the
authors.

5
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figures can be transmitted along with the test. Natarally,
facsimile  systems  require  much laraer bandwidths  and
theretore are more expensive to use.

Electrome message systems cdeal with all aspects of text
processimag.Inadditeon to distebating the message,  they
are canable of providing automatic header mmfornation, time
stamps,  dhistribution hists and acknowledgements when the
messdage as received and read; of redirecting  the messaqges
after additions or alterations; and of browsing, including

thing and refiling. The size ot the text n the message 1s
an amportant  factor an determining  the wind  of system
rociredd to napport the activity © It the size of the test s

smiall, ot 1 calledd g mnesagge: large tosts are called files .

Since the messages are small, the somputer configura-
ton supporting a message  distribution  facility is not as
ceitical o g hile distribution facilits . Online file distri-
bution can be a problem creating large bottlenecks in the
networ koanbess adequate plans are mede for it. The problem
isorelated to the amount of data to be transferred and the
capacity of the networlk to suppart (he data. Let us analyse

the firabidem,

There are three components 1n a text system: the
computer, the storage disk and tae terminal. Examine for a
moment the data transfer amongst these components. The
human anterface to the systery is through the terminal.
Compared to the computer’s ability to transfer data, the

avility of the hnuman to read is very limited. The data
transfer requirements are censtrained by the reader and
hence pose no significant load on the system. The link

between the computer and the terminal does not have to be
4 very high speed link; up to 2400 baud for character
information and up to 19,200 baud for graphics data seem to

be quite sufficient. Half these speeds are also adequate.
Thus the link between the computer and the terminal poses
no problems at all. The transfer of data between computer

and disk 1s a high speed transfer. Disk drives are typically
located near the computer and hence pose no new or signi-
ficant problems for high speed transfer between them. Now
consider transferring a file from one user to another.This
imphies that the data will be transferred from the disk of
the sender to the disk of the recipient. This disk-to-disk
transfer will take place at high speed if either both the
users have their disks (not necessarily their terminals)
located at close proximity to each other (i.e., centralized)
or if the network that connects the two disks allows for
high speed data transmission. Unless the files are central-
ized, file transfer assumes the existence of a high speed
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data tranamission oebwork . IThis 1o perhaps  the  most
coanens aady antage of distmbated word processing equip-
et A places ton great o burden an the network f fre-
Guent tile teander e desieed s Simce we are moving  more
o mere Gaeards a0 file transfer environment,  network
ooty lomitations should e g prime consideration
GUractring the oltice antonation environment. The reauire-

ment would tavor contrahized word processing.

There are  several commercially  available  electronic
e ane systems. b orampies are Tymnet's Oniyme, Telenet's
Telemarl and Dotapac's FavoylO0,  Message systems are also
oromeeed an the new Generation of commercial networks:
Catellite Dusinees Svstems (S12%), Xerox Telecommunications
Sotwork (Sten) and ATT s ACS.  The development of mes-
waqe systems have been quite rapid and, as is generally the
Cane an any new product area, there are no standards.
Soeveral standareds are needed f message systems are to
Gain n pepularity and use.  First, there are no standards
for menoage structure.  The problem  of standards in this
area s comphicated by the potential use of multi-media mes-
casies . ono, minineg toxt with voice, video and graphics.
Coaondd there s no standard way of handhing the undehv-
ered message.  An undehvered telephone call (busy signal)
aroan undehivered letter gives an indication to the sender,
Lut this s not true, at present, in the case of an undeliv-
ered message. Third, unhike the telephone directory, there
s no unmiversal directory for identifying the individuals to
whom the message 1s sent.

Fven though there are no standards today, standards
work is  underway. in fact, there are several groups
working on it:  the teletex group of CCITT (Comite Con-
sultatif Internationale), the working Group 6.5 of IFIPS
(Intenational Federation of Information Processing Societies)
and ANSI X4A12 working group 4 are all addressing this
subject matter.

Reproduction concerns itself with the copying and
printing function. In keeping with the philosophy of
source point data capture, many institutions are acquiring
typesetting equipment that is driven cither online or offline

from tho.- word processing operations.  This connection
elminates the work, delays and expenses associated with
manua!l typesetting. There is also a trend to use the high
speed printers connected to computers as copiers. It is

easier to have the line printer or page printer print the
required number of copies rather than producing one copy
from the computer and xeroxing the rest. Budgetary con-
siderations and charging algorithms might, however, be the
final determinant of how the document is produced.

157
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The whole area of  admistrative  data processing
actdescos ataelt to records management. Records manage -
ment anclodes  bhoth computer records and  paper records
Ehib e detters ot recommendations, purchase orders, etc. ).
itoalho anchodes the permanent archiving of  the computer

reberated reeonrdsy Phe use ot the computer opens the pos-
sitabrity o antomatic archival and retrieval  of  archived

records

Adimistrative support deals with things like calendars
Iaehaedules), tacibty scheduling (conrerence rooms), travel

veservations, remnders and related office chores.  Whereas
alb ot can b o waith the help of 4 computerized
systom. thors o g matter of peivacy and contrel that must
bHe addressed, By placing the calendar en a computer

svatem one gnes up the hiberty of determining which meet-

g not to schedute; e, it allows someone else to control
the sohedules Siee this unknown assault on the calendar
Changes socab behavior,  this particular application is not
fibedy 4t Do very  popular. The privacy question, of
conrae aealowith the fact that the caiendar is available for
others © G Whereas schemes can he devised to limit the
capecnres by g complex oee empting algorithms to
determms who may  ar o may not see your calendar, it is not
cloar that the tunction will become popular anytime soon.
However, these functions will indeed be indispensable if and

when the white collar lubor force becomes a cottage indus-
try. Chapter O describes an interesting scenario associated
sith this possibile mugration.

In this section we have tried to outline the various
tunctions that would be necessary in a properly automated
office. Ihe key pomt to note is that office autumation is
mare  than word processing. We also made a distinction
between electronic mail and  electronic message systems,
The rest of this chapter will deal with different aspects of
word processing and with the facilitating retwork to trans-
fer the data around campus.

Word Processing Attitudes

Virginia Tech recently conducted a study on the
tature and use of word processing on campus.’’ The study
was directed at department heads and secretaries and was

7 This section is adopted from Virginia Tech Systems

Development Technical Report Number 80-004-001, May 15,

1980.
155
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conducted by a structured interview process in o which the
department head was interviewed, Ihis was followed by an
mmters v with the departmental secretary.

The study pomted out some very interesting facts.
Neardy 3570 of the department  heads aedicated  that their
secretariees bnew how to use the centralized word processing
facility (CMS SCRIPT), yet only 17.4% of the secretaries
indicated that they had ever used the facihity.,  This clearly
promts out that many  department heads like to think that
they are using ol the available tools, though in reality,

they may not be.  Several disciplines in an institution do
not have  any need  far direct  or obvious  appiication  of
computers, It 15 generally an these disciplines that the
chief admumistrator has no exposure to computers or to
computing.  They depend entirely upon their assistants or
secretaries to use the data processing capabilities. |t s,
theretore,  not  surprising  that  equipment procurement

requests coming  from these departments are based largely
on the  caperiences of the secretaries or administrative
assistants an the departments. It is, therefore, in the
mmtercst of the mstitntion to expose the department heads to
the capatahitios of the varous alternatives in word process-
g and  authne the tradeoffs involved in choosing one
system oy er the others.

The department heads were also asked if they would
pre thoerr own stand-alone system rather than using the
et ateen s central facility. Over 87% indicated a prefer-
ety to using  their own equipment because the central
facility was “unwieldy and unreliable” for their purposes.
Ihe remaining 13% preferred the central facility because of
“downtime” of their own equipment. This observation must
be viewed in light of the fact that only 47% of the depart-
ments were even aware of the existence of centralized facil-
ities, 350 thought thetr secretaries used it, 1/% of the
secretaries actually used it and only 9% of the department
heads had  first hand experience with word processing.
Further analysis of the results of the survey showed that,
by and large, the department heads that did not have
stand-alone systems preferred stand-alone systems because
“"they would be more reliable” and those that did have
stand-alone  systems preferred the centralized system
Lecause 1t "would be more reliable.” Clearly good service
and not equipment location is the chief factor influencing
preference.

Various output samples were also presented to depart-
ment heads.  They were asked to choose the samples they
liked best. From the samples chosen, the results suggest
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that the type of paper s o more important determimant of
print oreterence than the type of printer.

A department head wan walling to spend on the average
o0 on AP capehihities and ap to g masimum of - 330, 000
Phe  Capatalities that were most frequently mentioned,  in

er oot mportanc e were as tollowss

A
s Lull screen test editor
c Capabirlity to handle special symbals
o il Tt meerge b owath Tettors
* thgh guality tast omnter
s More memory
s inablo printer terminal
o g hists Tor postearas.,

Smoncpst thee e ommendations of  the Virginia Tech
study was one that sard that stand-alone or shared logic WP
systems shouldd be acqumred only after it has been demons-
trated that centralized facilities were used and found inade-
quate. This recommendation s particularly interesting in
light of the fact that 870 of the department heads indicated
a personal preference to acquire their own equipment.

A study  at Stanford  arrived at similar conclusions.
An excellent report on text processing was published by
the Committee on Office Systems and Technology (COST) at
Stanford University.,  The report is entitled, "A Network-
based Text System for Stanford.” According to the report,
Stanford consumes three tons of paper a cay. It spends an
estimated 335 million in preparing and communicating mes-
sacges and text.  About 52 million a year ore spent on the
acamsition of stand-alone word processing equipment.

Stanford's study indicated that none of the presently
available commercial systems would meet their defined

nercds.  They also concluded that building their own cus-
tom-made system or having a system built to their specifi-
cations was not a feasible alternative. As a result, their

present recommendation is to expand the campus-wide cen-
tralized system and, using it as a base, provide a set of
integrated services to their faculty, staff and students.
They also recommend that the number of different vendors
for stand-alone systems be limited to a very few. A diver-
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vty b egmpment for dintebated Gy stems where needed
coonl benty mal e the oot of ontesgeation prohibntive. I hey
are henvover o discouragme the procurement of stand-aolone
coobene, ared encoara ey peeople to e the centralized facil-
i, They Heheve that the rev olution an our work environ-
drent vl coane not from e speccalized o sophisticated

coaairenent Lot cathere tron the farge body  of andividoals
gt avatlable werviices and fachities on o reqgular and
Coutine Hhasea s Amongst the stated objectives of  the Stan-
toood et s to dissemimate their repart and seek institu-
eonn o andh businesses that might work  cooperatively  with
Scrantord to torther the objectives outhned 1n their propo-
I

1]

'norecogmtion of the present state of the art in word
crocessing technology and tne stataed requirement< for con-
ettty amongst o the vormecus users inoan instituticnal set-
trng. we recommend that with a few exceptions, institutions
“henld anvest mmocentevized and not stand-alone word pro-
vt capatabties for the following reasons. First, the
otfermge avatabie o stand-alone word processing equipment

oot acbdres the total of tice automation ceoncept described

Ao Do nd s personal computers are beconung extremely
popbar. Wwe believe that the enhanced capabilities of the
poersonal computers - ancluding text processing - will lead
these computers and not word processors 1 be an integral
part of the office work station of the future. We are likely
tov see machines that exclusively address word processing
Hocome extinot. The more general and wversatile personal
computers  will indeed  replace  them. Third, stand-alone
systems mean that word processing would only be available
Lo departments able to afford/acquire the equipment; on the
ather hand a centralized system would be avaiiable to all
taculty, admimstration, staff arnd students. rourth, a cen-
trralized system would be in less danger of obsolescence as
it s supported primarily by software. Fifth, any upgrades
te the sy stem would be simultaneously available to all users.

The strategy of the computing center should be to
provide o very high cuality of service to the user commu-
nity. This service should be the standard against which the
afferings of stand-alone and other . .tems should be
judaed. This requirement implies that the centralized
system would provide full screen editors that drive high
quality printers that can print on cut sheet stationery and
even use letterhead stationery. Further, an interface to
the printing plant would be desirable. Direct terminal to
terminal connections amongst users is considered essential.
Capabilities to invoke a variety of functions like mail, mes-
saqge, data, calendar, remnders, spread sheets, etc. would

BT 1o
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Bt make the systems more valoable to the user community.
Phe need tor possible Tocal primtimg should not be ignored,

o ndeed s ey Bikely that the centralized system
cannet o ecomoneally address ol requirements of all users.
I case ot dlearly demonsatrated cogquirements that are ana-
veadable on the centralized system,  Iike the need for some
very special fonts or o character sets or the necessity  for
extreme contidentiality das tn the case of the President’s
cttice o stand alone system may indeed be very justifia-
bl

Atcasy e use and powe ful centralized word process-
g ey sbemowath hegh quality et capabality and o connect-
g network foe communications s clearly the recommended
strategy at this point n time. The network that can pro-
vide the nniversal connectivity wilt be the subject matter of
the noedt Secthion,

Local Networks

counpeters and commuications are two rapidly merging
tesc hiedoegies Ihe dhstinction between  them s all but
ceased The recent antitrust rubings open  the doors for
some very  exciting opportunities in this field.  The intro-

duction of satellite communications has made it very simple
to seond ntormation clear across the country. However, the
ditficatty  stifl hies in distributing  the information locally
when it as receaved. Tt is no exaqgeration to say that it is
casier to o make data flow from San Francisco to New York
aing  satellites than it is to get it to flow from First
Avenue to Fifth Avenue in New York. A new technology
called docal area networking is emerging as a solution to
this diteimma.  The technology has immediate application in
ouroanstitutions.,

(nstitutions of higher education are, at present, likely

to have at least three different networks in operation. The
most  common network is the telephone network. Several
mmstitutions have a cable television network to broadcast
educational materials to the !+ <rooms and the conference
rooms . Institutions with mputing capacity have a
network that supports ters remote job entry stations
and computer-to-computer ©oacations, In addition to

these three networks some innututions have a security net-
work and others have or are working towards a network for
energy management in its facilities. This section deals pri-
marily, though not exclusively, with conmunication networks
that may be used to address all the above application areas.

g0
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Weo will, howeser, concentrate on local networbs tar the

Lupnort ob campating

I hete arme several constderatione that dead to o need

for a oetwork . Forat, o termimal oy ty proally not o con-
Stant ase and hence there o no need to provide o computer
port fors each termimal A single port can o generalty support
hotween two and theee termmals . Ihis males 1t advanta-
Geous to provide some port contending capabilities on the
Compater  systems. Second, 1t makes  exceedingly  good

Senae to create an environment o which any termmal can
gccess any of the machines located in the computing center,
ar better i, Tocated anvwhere  on the campus. I'his
Grateoy mabes goad tse of the ternunals and precludes the
need tor oan ndividual doing o a variety  of  computing on
Atterant machines to have more than one terminal.

In the past, port contention and generalized access
Bawe Leen provided through the use of dial-up ports on the
comptters  and  acoustic couplers on  the terminals. The
advantage of tins epproach was that the existing telephone
network  could be tapped for this purpose. D f-up sup-
cort, though very useful for very remole access, 1s geners
Aty nedequate  for  termnals  located  on campus, The
sign on precedure for dial-up  termunals is cumbersome at
bHest. The terminals generally run at low speeds of 300
haud to 1200 baud.  Transmission at higher speed over
vorce  grade limes is neither cost effective nor reliable.
further, acoustically coupled modems running at higher
spoeds tend to cost more than the terminal itself. Most
asers lthe to run their terminals at higher speeds due to
thee efficiency that results from it; some users - particularly
those using graphics - have to run  their terminals at
hicher speeds in order to get any work done. Thus, along
with port contention and generalized access, higher speed
transmission becomes the third requirement for computer
networks.

Iwo widely differing  techniques may be used for
addressing the requirements. The first method employs a
cdata switch to provide the capabilities of automatic speed
detect, port contention and access to multiple machines. A
commumcation system using the data switch requires the
data switch atself, a modem at each end, and a telephone
circuit which may either be a leased line or a switched line.
The telephone line begins at the terminal and terminates at
the data switch. The data switch is connected te the vari-
ans ports on the computers and connects the terminal to the
desired service if 1t s avallable.
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a e nete b b ene e e o tal it v ceguuees,
Ve e tadiatenr 0 e tebepiione Tioee e chata owaitch,
P verry ot gt o the peeent. cannet he
[ T T T N T R T AP S R I I TR A TE TR R STRT RN I PRTSTEE
Yo Leooto

Phe cther cotion o e ddeecang the data commirnc.stion
e b the ecabadits ol g o loeadl area network oA

ool metead e s o biame that peevades wownde bandwidth
Farpgregates it careving capaoaty ) and. hence, pecmits the
e cones teon ot several thousand dev ey, i he

Cosnita e oo mechiom ney e oaxaal o cable, a0 Tiber

w,‘il"- ' 1‘%[}' ot ! vr!l v 5\!\ wfw m“IH\; I‘-t ,|| EREERE l\v‘i\'.“l‘|“§ sy
I N S TT R R PN B PN T TN FE U PR TPPR
Cornme s transme s e miedhigm FThewe two technologies  are

TostA ot v maltg e accee ) and FDN (for tre
Grrency by eoon by e )

Py TDNA netw o o cach node of  the network  may
access the tranameoaon medoim ondy gt certain tines
groverned by the netwneb anterface. The network interface
has o detime woame schome that permits the supervised and
crderiy access to the transonssion mediam. One of thyee
torhinrgues as generally  used to supervise access to  the
e polhig,  seservation  or contention.  In polling
schemes the network controller s constantly cheching the
potwork stations for reguests and then allccates channe!

times Lo the roguests. Resorvation schemes depend upon
the nodes to access the communitcations medium only at pre-
detined schedales Contention schemes recuire the nodes
on the network to compote for the hetwork medium.  Ring

networks operating under the contention scheme use' either
the sictted ring or the token passing scheme for competing
for the medium.  Bus networks, on the other hand, use a
technigue calied CSNA G (for carrier sense multiple access
with cothision detect) te manage contention on the transmis-
ston medium,

The whole patnt of the above description 1s to point
out that networks that operate under the TDMA scheme
alfow  only one user on the network at a time. Different
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ot d Loy, Wy usineg this techmique are

coet et ek 0 Bl end et vk s g coanaal

: b o traneat it gt tens mabhons bits per

UYL R S FT% SRR SR U PR Pl vorten tive ddata tians,
oo o e e mnch bonser

Nt b may abso shaee the transmrsgon oeedium
ooy i rson mutteslesoog (FDRNW O EDRDN o dkenta-

G St Seroroantineg anownich the data stgnal oo saper-
T e carrier sighial [nfterent nodes on the
T eyttt dtnerent beeape i Thivs many
o oo the et b gt the e e Boeo Bhand

o gee thes medde of aporation,
o adbdies Ccan be used an both o broadband and
T T P hee cabide asedd dor haseband mode dhiffers
sty teem the one used for broadband transmission.
Cioe e e cabde has o ocentral carrer ware sarrounded by
! ' et i the Lt anan s Sf g carrier awire
) o eataiom e The transmisoon rate
Y] coand able s 1o mallon bits e second and
o mubstantially greater capacity than the base-

Vi ob broadband coanial cable is certainly not a
b gy Coantal cables have been used for several
S cabte teleyvision netwaorks. The gieat potential of

v et conestal cabiles n focal networks s that ot

Low o the communication of telephone, video and data
¥ . a4 single coble. This 1s possible due to
v de th. Mransnussion  is  done on  channels

frecaency diviston multiplexing., Seme channels
L resaryedd for TV transmission and others for voice
L ata transmission. Over 10,000 termminals At 9600 baud
o e supportedh an e single cabte The number s even

feator at o slower speeds

Sow atated oarlier, there are three possible media that

Can e used for local networtang. Of the three, coaxial

e ancdd Biher aptics are the most suited for transmission
G ooampus Diber aptic cables have extremely high bar -

e ltoe L can opera’e at data rates up to 200 mullic
s e sogise the mode of transmission is o

i e NOOAL Dimeson and Jo J. Picazo, "Broadband

Tonacdogy s NMagmities Local Networbing Capability. T Data
Communications, february 1930,

-~
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Leoahchena T Le o clectromagnetic nterfersnce  and  noise.
Stce o edecieieal o sigrals are passed througn the cable it
v teee deom llegal owire tapping,  thus  providing  much
St ety Fhe maper drawback  of  fiber optical
abdes s that ot e very chfficalt to tap the signal. Cables
tre e entodhy o tem medde Lo prespecified lengths. So far
e e b bheeen bited Lo high specd point to-pomt

et local neetworh designs are based on coaxial cable

et b g werox o Larporation’s Bthernet was developed 1n
e and arves the baseband made of transmission.  Network
ot baven o Cosial cabios onerating an o broadband
mobe e oiable s amongst athees o from Amdas Corporation

o Toetworh Hesonreces Corporation.

Pthernet o o seral-bus local network that uses fixed
et e bete that contain data and  header information

paente ey the destination location. The netwark can have
Uit S0 i cessors cach o with a network interface module
ettt aond cranonts the date oo the network.  Eth-
crret e entiens netweorh usimg Jhe CSMAY CD oscheme.
Phire s no coentral computer managing the traffic on the
IR AUTRIE Pach node monitars the signal on the network

and transmits data anlv o when bt finds a free time period.

1
otwe nodes start to transmit at the same time they both
st for o randons anterval  of  time. Reteansmission s

Hegun atter that interval off no one else is on the network.

Hyperchannel s also  a computer-to-computer network
based on the coawial cable that can be multidropped at up

to B dncations  along a mile of cable.  Contention on the
by perchannel vs handled differently from the Ethernet tech-
nigue. In hy perchannel data is transmitted in frames that
vary anosize {ap to K bytes) .  Each transmitted frame
reciires @ response frame from the receiver.  [f two nodes
transnit at the same time. there is no response frame gen-
crated due {o the error in transmission. Detecting no
response the node with a4 higher priority  vetransmits the
data. The dower priority node waits its turn.

T

i e LocalNet network offered by Network Resources
Corporation {Sytek, Inc.) is based on broadband mode of
transoussion on coaxial cable. ' 1t supports video, voice
anddata communications at varying  speeds on a  single
coastal  able  na 20-mile radius. Digital  data is

T Sen LOCALNE T, Network Resources Corporation,
Mountarm View, CA for technical details
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Uanamitted using pochet swotchong technigues. The hand
wiidth ot the coawial cable varies between 300 and 430 NHz.
The syotem uses 120 contiguous 300 KHz channels for its

et b e rations Ab units connected  to the network
transont ot the lowbhand frequencies  and  receive at  the
highband feequenoies Ihe teansmutted data first goes to a
converter or teanslator amt where the lowband is converted
to highband itreguencies and retransmitted.  This arrange-
ment rs called o mid-spht. lhe retransmitted data s cap-
tured by the appropriate section of the network intelhgence
and sent to tne connected  device. The ease of system
definition and ats great flesibility are major advantages to
thin aprach of metwarb g Fhie networbmg scheme can

Stooamly b antegrated with cable TV networks providing
a new dimensien i connectivity

Leawn Liversity  has  recently completed a study on
incal networbing.*® The study recommends that the Uni-
veraty  shoald mmplement o local network based on  the

Lroadbumd coastal cable technology Their design consists
of g reeradbant cabie ystem for greater reliability. They
Drcpone that two adentical trank cables be used to connect
the facilities on campus. One cable would carry the “core
services, and the other would carry “special or scheduled
seevices. T Examples of special services were high resolu-
ton graphics and high speed computer to computer connec-
tions. 3oth cables would carry network control,
maitntenance and security services.  The idea is that failure

i the normal services cable could be recovered from by
temporarily using the other cable for normal services. The
special services would be interrupted till such time as the
cabile remamed unavatlable.

“oapphcations of the network would consist of the
f(',»| 14‘-".

o Security and safety

= Ansiliary fire and smobe alarms
 Intrusion alarms

o Remote 'V surveillance

» Pinlding access control

L

W. Shipp and M. Webber, “Final Report: Study
Group  on Telecommumeations and Networks,  Brown Uni-
versity, 1980,

F AN

D
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o N at gty Mt ey

*ormergency bhroadcast sy stem
dedioab smergenoy alaem wy Lo

s fnerapy Management

o Uity Lommunications

s fducation and ntertarnment TV

C b0 Heaalth Nete ok

¢ Community Services.

Loal area networks are going to play ar increasingly
wnpeertant cole anour campus communication systems. The

e of Lrecadband networks for voice, video and data com-
Wi st oone, may rndeed be the norm in most institutions by
i et v e

Terminals for Managers Program

Fhe Stanford Terminals for Managers Program was ini-
tially conceived as a one year esxperiment. The program
provaded a terminal and  supporting  software tools to
selected administrators, with the primary mission of intro-
ducing new technology to the senior and executive officers
of the umversity, *! Initially, 55 terminals were located in
the work areas of the individuals involved in the program.
Fext processing and  electronic message systern were the
functions  procaind,  along  with  a filing system and a

reminder systoon The standard features of each of these
four functions were available to all users. In addition, a
Jirectory  was  provided  which  translated three character
natme  abbreviations  (initials) into computer accounts. A
feature for resolving duplications was built into the direc-
tory function,  The directory also allowed the identification

of ‘a commonly used subgroup of individuals receiving mes-
sages.

"t See Cedrie S Bennett, “Stanford University's Ter-
minals for Managers Program,” CAUSE/EFFECT, May 1981,

o 77 .95
pp. 22-20.
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The project team prosided one to-one education to the

managers n the program.  Several levels of documentation
wore provided along with an online help feature. In order
G onab e the users more comfortable with the system, a
cariety of ame plaving software StarTrek, Adventure,
Sohitarre, Blachjack . etc was made avairlable,  The partici-
Gt an game playing dropped off as work related activi-
ties ncreased on the system. I'he goals of the experiment

wore to mprove the communication process, to provide the
sersondal use of computers for problem solving, to support a
vartety of otfice arrangements and to create a friendly and
odsy toouse system that would sell itself.  Of the four goals
Lovted  abwovie the personal use of computers for problem
dong was not amplemented mitially due boath to the diver-
sty of problems and the requirements for solution tools.

The esperniment has  met  with  tremendous success.
{ o the antsal group of 95, the number of users with ter-
minals that are participating in the program is up to 350,
Over 200 of these users pay their own bills for the use of
ther wy e wWiten the system was frrst implemented there
Ve e A e agEe of four messages per person  per d(ﬂ,&
he number has simce ¢grown to ten messages per person
s day, testifying to the acceptance and success of the
DO ram.

Motivated by the success of this experiment, the proj-
cct team s planming several enhancements to the present
aftering.  The software is scheduled for change to improve
its efficiency . The decision support tools that were
excluded from the first expertment are under consideration
for installation. Access to specialized data bases like the
Camital Budget file and the Legislative Bills file is now
avatlable.

The Stanford experiment is significant in that it
refutes the widely held belief that executives and managers
will never use the terminal.  The key element for the suc-
cess of the program seems to be the fact that a very sim-
nle, easy to use, convenient and useful application was

provided to  the managers. Its apparent success has
bridged the fear gap that many individuals have when it
comes to computer systems. The real challenge will be to

continte Lo builld on the base of knowledge and the behav-
ior pattern that this experiment has generated.

15
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Planning for the Automated Office

Fhe automated  office concept  is st considered by
e as dutarint T Tha rate ot whiceh technology has been
cha o and s thee continuing blurrimg  of the distinction
Ceteecncompating and comminee ation pornts inevitably to a

Chireneg werk environment. Office automation s one proj-
2ot that cannot oven have g Loegimning without top manaaqe-
ment Support, Because 4 man component  of office
autoanation s electronte message systems, a critical mass of
Hners s necessary to hegin the program. It also needs a
well theught out tacthituting netwark.  Both these require-
et il o beont end financial support withoot which the
prote Uoanre vt ot the Greond

Once top management agreement and support s awvail-
afde s the nest ostep s to put together a task force that
conante o odivaiduals nvolved n computing, administrative

sersiaces.persoanel management,  behavorial sciences  and
e iati g Because o properly  implemented office
Adtematy o projpect has the potental of radically changing
“hewooeh cniennment aadd how we interact with it, the par-

Diipeation of the various members i the task force is cru-
1l

Whee should this task force report to? s this a func-
tien that s preoperly located in computing or in administra-
tive services or somewhere else? It does not really matter.
ihe task force shauld report to the university administrator
that has the best business sense and believes in the con-

et

Aostrategic plan then needs to be developed that con-
sidars woveral aspects of the process.  First, a conceptual
plan 1s needed that describes the scenario ultimately to be
achieved  This will help influence the day-to-day decisions
that will lead to tha stated objective.  Second, an organiza-
tienal approach must be agreed upon. Should the machine
mitethigence and  processing  capability be  centralized or
decentrabized?  Or should a eombination of the twe be used?
Lwcal reaitties, the size of the organization and its present
environment  will define the best approach to be taken.
Third, the functionality of the system should be defined.
Sopheiticated system functions can be planned for a staged
neplementation as the user experience, understanding and
acceplance grows.  Thought must be given to ease of use
and ease of learring characteristics. Richness of function
must  be weighed against increased complexity of the
sy stem. The design should encourage the frequency of
use. Fourth, the hardware approach should be defined. |t
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o umpertant te standardize onoone  oro two (no more than

three Jifferent types of equipment.  This standardization
will tend to perserve the investment in training time and
Ales U user to use the system from multiple locations with
thie wame effectiveness.  Eifth, an evolutionary implementa-
b plan moast he developed.  Ttoas important that members
4 the task force Cand some of theoa friendly peers) along
aith the members ot the computing center should make up a
calot gronp to debug the hardware and the software. Next
G large enough group from the university community should

He chosen tor rmtial amplementation. irnterfaces to normal
Commumication media should be provided so that the user
ceon ot s e to duplicate the work. For example, assume
4 ser wishes to send a message to a group  of eight
ndh oduals . Only five of the eight have terminals on their
deaks The user should be able to send the message once

fice andinduals would recerve 1t on their terminals, the
Aher thiee messages would be printed in the mailroom for
haned delivery.

Tiee ol mmect ef this technology is dikely to be
o aderable S a general rule, peaple do not resist tech-
taloay . they resist social change. The person-to-person
Communieation will no  longer be the same. The lack of

Lody  language and  other nonverbal cues in electronic
systems will somehow have to be compensated for.

Parhaps there will be an increased use of explicit ver-
bal cues i our language patterns.  Or multimedia communi-

cations using voice with text and graphics - will become
the norm. The secretary/boss relationship will definitely
change it 1s not clear how. Because of these changes

that are hkely and other changes that we cannot predefine,
the participation of the behavorial scientists in the task
force for office automation is very important.
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NETWORKS AND SHARING

"So, Nat'ralists observe, a Flea Hath
smaller Fleas that on him prey. And
these have smaller Fieas to bite ‘em.
And So proceed ad infinitum.'
Jonathan Swift

The Economics of Computing

To the user the most im;- tant impact of the computer
system becomes the time it taeres, from data entry to fin-
ished report circulation, to get his job done.*? To manage-
ment the most important consideration is that the work be
processed in order of value to the institution (and as effi-
clently as therein possible). These are two conflicting
criteria and each group must be sensitive to the concern of
the other if the two concerns are to be brought into some
commodious arrangement. This suggests that the institution
might well establish an internal/external marketplace for
data processing services. A marketplace analogy would also
suggest the desirability of decentralization and networking
as competitive tools.

“? Material 1n this and the following section has been

adopted from R. C. Heterick, editor, Virginia Information
Systems Exchange Network Plan, November "974. We are
particularly indebted to Charles Goetz for hLis insights on
the economics of computing.

172" ¢
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Dot erocesmng tacilities ke any othier economic
cotities,  Should Lo salbgect to the rundamental  economic
Dieation e can these searce resources be put to more
crticent o une! Phe v antoge . ot networbing become more
aiparent when the nntion of Tottioent’ resource use is con-
Contoally wuhdiceled anto alloe ative and technological effi-
[NETEN Ot these. tedhnological efticiency s the  most

ctracshttorweard, merely  cegquirtng that the same output mix
ot ot He orodinsed with o tewer nputs: whatever s proo

! iced i a technologieally resource-min-

e must be b

iz tashion Atlocative efficiency asks a more thoroy
Guestion which particular output s shonld be chosen,
Sven that oan abmest dmathess numbher of outpnt constella-
Gons are S hreally o conencdent owath o any fixed resource
crndowment?  Inowum. efficiency s desired both as to how
compoater servie s are produced  and also as to exactly
wohuc b servces wallb be produced

Contraiized manasgement s n the best position to
Guarantec allbcative  efficiency when  the  conditions  for

oo ey ey anady s are satisfied i their pristine
torm St ally, the Teffectiveness” of alternative output
mives must be susceptible to quantification. However, data

orocessing serves o wide  spectrum of extremely disparate
irses which are relatinvely difficult to compare in a meaning-
vl quantitative  fashion. This non-comparability emerges
S oat feast two major reasons. The first, and most impor-
tant, s that the “effectiveness’ of the uses will frequently
e subject to widely divergent, although perfectly defensi-
Lle, subgactive evaluations, even by “expert” observers.
The other 1s that, subjective factors apart, the very diver-
sity of the data processing applications makes it unlikely
that any centralized evaluating agency can realistically
amass and coordinate the human expertise necessary to
assess properly the consequences of alternative data pro-
cessing policies.

Lpon reflection, (b should be recognized that this two-
fold economic optunization problem posed by data proce.sing
systems 1s merely a special case of the technological and
allocative questions facing the general economy. This sug-
Gests that an analogous allocative regulated market-type
network of competitive consumers and suppliers would have
compething advantages.

In a competitive economy, technological efficiency tends
to occur because users have unfettered freedom to gravitate
townrd least-cost suppliers. Allocative efficiency emerges
when suppliers competitively seek the possible profit oppor-
tumties .ignalled by users  monetary “bids” for different

1730
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[ Vo ool Gitteren b b aectiy e v aloate o, o
Gl et e e yweaghitadd by the relative comes,
i Y
BT TP cve Dt capacties of ditferent users.
} t

I [ Pt et e ot cthical "%‘}l‘l,tl(lll IS SOMme-

ton Coerghtioeg Ber tincorne e the disteba-
: iy et b e bl e st I s
et appcheabde wathin the anaveraty  enterprise
crotnedhing bevels o Tincomes” spendable

i

Y e chetermined by top management and,
St ccark s el ot wdninistrativ e Tmoney managers”
ST e e s tion Presamably . these tanding fevels
ettt ey e redative priaertios awhich should be
o r | PRl e nelg e ters Henee . of
R R AR B H Dot o e T resnlte e are approprl
siele gl b et U these costs . the bidding process by
Sttt s ettective mechanrem to aqgregate the
s te bt o eness uddaments of  users and call forth
L oo il bt comstellations
T St netweart ey s the promise of the amelio-
oo : [ T i ot comianed Vs ceparate and
N INFRRENLIBAE Puiry  computer syatom s
oo ol o e gt W tend o thinls of a network  as

e oy telecommuioe ateenee ik o ot least o significant
s b e aton et aceeny thie CPU and the | O devices.
Fhe b eat the netvea b takes wall prrobably complement
foatisation philboconhy ot management. The cen-
Coatoeeb s el pechiabdy feature o osimgle CPU with an
e b heges Located gt the remote sites.

it el desteibistion of ata processing
repe oty e s et confiGaration that  essentially
enbe gt the tonc b of the conteal system several times
e It ot dittiondt to anticipate its mcumbent prob-

s o nnecessarily Large tolecommuntications costs, data
vt compatble s cess methods,  varying levels
o Pte A nengraphic breabout of data

rece g support leads Gt aimlar preablems although some
Pl ot caneetanmties are avadable of  totally  duplicated
Barduware and conteol system software are operated at each
site

Viewed agaist this background, the economic adyan-
Leges ob o ditmbuted ) heterogenous network become appar-
ot comparmson both to the divisional scheme and to a
Poshiv contealizedd faaility . Indeed, the differences between
the oscontially autarchic divisionsl scheme and the central-
ek austem o can be oundarstond as principally differences of

Cegres thiyn ditterences, of baind,
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The aotars e oy ctean wheeroat thee oo bt nn are

oo ally el sitticnent aon couantate ol sersvioes s really

et e i berac tig e Sapphiers atbering therr users mual -

Voot b bt e ey e e e monopohistic con
St Ce et tic e coanprettts et on the upply side,
Sy aileerataney the e e e tes boedoe e gl e fficie ey
Coether oawath o re et e oo ativ e clticenoy . the potential
pote G tomand foag u;n-‘hyh/“'i DN e es are ot
soetr Yo b it ot A Sddam Soath ohaerved two cento-
IR Spoecoshization s hoated by the extent of  the
froat gt Foos o tor s particularhy critical i computer

corees b b techna gy ot particalar types of out-
AR Y RN o sh e
. [ Db el i e s ek a1 b apniear

oo e ecemormically viabile o the autarchic environment, bhut

comtn e marginal

St e votadly o qustitable v hen malti-division aser
e e b hirected Lo g s fae ity

Sler o terc et of the wanverastty divisions,  even

1 an nthne central anagement,  does pommit o oross-

L R et b b g teeed e e riately

St oo e peeeed vt o Com

atatonal ereey wongddd b e s pected! Also, where scale

o e et came ancreane 1 stret technologieal of fr-

coere s peehag s peecabile theoagh ehmination f duphicate

Gt e Flon, then doesn the network of  autonomous

cupsely b attor ady antages over the centrally directed

The woawer n that, oo o theoretically tdeal world  of
pertect anformation as b techoology and user preferences,

i
there 1o noadvantage v e competitive supply nodes.  In
aomere reattic context. Coagvever, oritical importance must
Do attact D ta the ressues of economic Darwinism and the
rowards o efiactive coureprencurmal behavior.  The  key

Lo bhe oonsndered hiere are directly parallel to those

ssment  of  comparative  efficiency  in

tactors
celeyant o the  asgag
marb et type cconomes and centrally olanned socialist econo-
T It one were truly confident of what to do and how to
Aot the market type  adjustment  process  is  clearly
chispensable.  However, n the real world, the apparently

crude and at times seemingly wasteful groping of the market
v frequently  a necessity an order to generate experimen-
tally  the mtormation which alimws technologies to be com-
oared arnd the preferences of consumers to be determined.
Viewed o this  context, the competitive entrepreneurial
functiens of the antonomous supply nodes loom as compelling
advantages This type of system rewards, and increases
the relative importance of, o supply node which either pro-
dnces an otherwise avatlabide service with greater technolog-
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: . . L N R YE B ST R TRTN TS PO P coonnemire ally,

, T e e o e ned Gorv e I an

! R tooeheable ncertaimty . with resoect both

' crentt e pror e g te Bioolog s e
. St G e, e bt g the eoteeprenen
o e b e iy e 1y bl e dor

s ' v b b e Fhieo tanction of the marh et
A [ P N R T T Py anelagy with the Diarwn

N e ""i‘ siinee o0t hree e (HIIW;H‘U[!\." e ety G gttt

b thoat s the Sittest wadl sarvive

' (A et pereceang supely oottonmzes the o
[ L L R T O I A TSR SR O e

. e L LTI EAIR RN S FYRNVINTRITES Contoetitive

cotrepre e ol bebian e, o et response too unfottered
sortpretereien s the hestogquarantee o technolagical ane

vl et oy waitha what s g particualrly  complex
R L B 7% PE PR SRR RTTETI ST BTN process,.  Whitle of ficiont
relt B S le ander a centrally managed

St ealnbe eieiment . of the informational and
et s e e choed nnGageste that the contealized

: T covnotoadly e e Wheno the
e ereater s cneaddered e this hight, one can omake
Croeed namenity o b anteodic ten it many  facets of
e e o oo

Natwork Types

Pt avem ey cotdevelon g defamition of npet
N TS B Bjate cothe concept pnght apply  to
clmnne bt e data poenec e Ve have already noted that
chlecempater system s b raat a0 petwork . e waill
peteret e decssion ot networking to those sitizations
. Gecgraphie dispersion of hardware and decentral-

ofteea develonment

Fhic most common form of network s found on nost
CErepe ety campuses o where o aentral computing system
Steevinently composed of  two or more CPUs) supports an
Aatvay b remate mput output devices.  Most typically these
devices are CRTL printing or graphic terminals operating at

0t L Characters oer second  and  card reader. printer
FENE ciherating et JOGH to 2000 characters per second.

Pheso evices are ugually attached  via dial-up or leased
teleohone hines, bt where shorter distances (typically less
thar 1005 feact] pert, they may be wired directly to the
i msseon control it or front end” communica-
tvns oot

Trans
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It e crreaanent hoos dhe ctrect ot pacs oo the

o St ot ot b the ity center and bracd
o i oo ot e It ohw oy arprrsing to see how
} o e e bt by many admimeteative

| * fh w, ,h ' S ler b e Tior Lo lfl“.l'|u;n~(,' [ANEN N IIIv'
' faont Lottt her s o e dennenectrate the
L Y T Y O pedho edd mput o crvor s ratees

Gt Vi o ettt peaed vty et

v mmmttent o choa mos e 1 reasonably clear alho

ot tie it mgst hegim developang, somewhere on
oo ot Ltatt SO Hnl!lllmi expertse (NA tintneg and
e bans boeg thie o anpoater, ;‘.nlltll|.u‘|.' asottoampacts the

; Cootyty e b ther dhir e ot mote ampor

e ey e by ran e ey e the et e oy elon sEall Toy-

sttt ent o inoy e fasond bare understanding of - the
e ot therr data to the capaty to develop ad hoc

coate aternate cotpat forms and more  efticient anpat
Cen g . Ceaturing semething  approaching  source  pomnt
Lt et n whoert, this form of networking encour-
et bt repires, the development of somne computing
et e e T et traty e et

vohide the unpact an the user ot o may  seem strthang,
Ve itate chonege an the deselonment of sottware gs more
con et albeat e subtle and slower o untolding.
Ihe togieal Latch sy stem anoa hon networked environment
veatirod the development of applicetinn area specialists n
Yo antormation systems  development  group. Interactive,
Cetworbed envicenments have changed the focus from the
vode ation o the generie processes common 1o all applica-
Lo The onformation aystems  development group  finds
Gt ats resources are more proficably  expended on  the
development af general guery systems, data base interfaces,
i hoc repe oUawreiters, and the hleo dn fact, we frequently
aon the apphcation ared specialist moving to the administra-
ve unit and boecoming the nucleus of its computer exper-
HERS As the forus shifts trom scheduled,  fixed, batch
Pesna g to miteractive, ad hoc query the need for soft-
worrn support an these oooas becomes extremely pronounced.
v e ot ancommon to see multiple data base management
systems  and  several guery report  writer systems imple-
mented on the locai network. The level of -omputing self
ot ency of administrative untts on some campuses is the

Came .ot the academic units.

The extramural network was pioneered by the multi-

campus aniversity  systems. It seems strange that most
cuch networks were built te stifte or inhibit competition
Father than to channet it for the common good. In view of

Sur general feehings abont o o vigorous, competitive rconomy

v
_ L y
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vt enerally e ed b enc e ol monopiolee, '
Coecoreght o o

Podvn g the aatiey et neg baonrdh aned bt oo

! Fobe b el b vt et it thie Baetat g
L T BT PR R Coonmpertineg s not aady : of
e o re e e bt Chonlb ot fer the b ot K
P e etten tive e g albocation o an tha . IRTATS |
cftoredh od b e leepdativ e appn t o of oo T
o Voo nnght o Centaree the hiypothesis that ot 0 i

ceent slbcations o campiting too the admametrative tan b ot
fecchene aad nocecaty that otters the greatest cheallenge
L A N R AR AT ro the T

Py cvtramonal netweor by weere dengned to redude
Doorddwr e onpenditures n response to Groschs L aw,
ey peneratly beatoared hagho o spend, promote mput ‘ootput
o e b Y campuses commicating with the con -

Peal et Docated an the TmamT campues . Leaving aside
e e o cen o wach o arrangement on o acadenmic
om0 P wnpae Uon admmstrative dota processing has

e, yiod P e o ey bttt Came thie aitereent
P ey e et b tor addnnmastrative data pro
. ; Fhe argament continge Lo page over pust how
cormn T e tration s on campieee of the same v ers ity
oo ten, crohow Toommen T they shoagldd b

it peative s sadhee Came the worlk o of the  Noationad
cuter tea g her Edusatoon Management Systems (NCHERS)

i cheweloneng s boeae derantions and cateqgory codimg for
ot gt e activties o hgher oducation, Also on the
Pt ke bat more as oo reaction to mandated sharing,
e CALGE D araqennzed to fachitate the sharing of admins-

tratinve Sottaare arnd software development experiences.

Phis el torm of extramural netwark was frequently
soncesatal o at the cost of failhing,  Computer hardware costs
were held down ot the expense of techoslogical growth andd
I Aty Shndated . monopolhistic software systems  were
rtalled withoot  adequate system design and have bheen
perpetyated by local patching until there is more that s
Aifterent  than s’ the  same  between campuses. Batch
syatems Luglt around scheduled reporting have continued to
e etalled ong after the advantage of interactive systems
Do aimie apparent Contralized  development  qgroups  have
perpetuated the "ot us do ot tor you ' atthitude of the 19505
feaving many administeative units feeling it was done Tto”
them rather than “for’ them,

175



¢ Lo e Lt i T Lol
EER o e Bt Jed

R ; Lo | i

‘ o . ey S et

. ! o i ! I T
PR Grer et o he e s

Lt o E IR PRSI I PR AST FRTININ

s e et b of neneys Lty
Yroritee P et alizatoon A
toorpnene oy cborng Ser pons o nrod
Lot : ey o s baeal anterface
o o Lo SHtersatioes o

P T AP R R T R P PR

NECHE tocstramac s reteorting
R RN TEERN S comprehencive

- R N o e b OCIJI‘Z'IM_] n
. ' . toy P Y aro ackages
e et theype st alar needs,
i bt R STEETR I s g haghoan the
|

\ o . . . . IS PRI

S T ST Lot an oon treete

TR N Y S N A, o Advarced

oo : oS e e standds sut as
- TP IR Phe heterngoenous

L B B N S N D Gt gtion

! T e e P oo e tion of
) . [ teo Sf L no oty v e torced
¢ I gt (o Top oty
. D o e ! g machines  the
P . v ties . oo adens Yreation and
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: oo i v o et swatehing,

e st and tha natwark nmter-
o e e b e chiee feam having to

. . H D

I Pt o e oas ts raison dlotre

; . et o computing machines.
. . ardos v Lf thiere tend o develop

et CTotter o bardware archiiectures may
e oo e networh o may develop particu-

IR Lt Gl At g eas Fxperience with

ho heen generally himited, e g,
sont S0 nsttutions of
. L [ sl movement  toward  general

. ot o of networking can probably  be
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T R I LY : Ferere it the ok at bome
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: ' [ ' oo h e i ot ot
. Lo . o Lot o thee Cendor haed
, : et : Yoo e b ot et
[ D ST RS actally enconrapeen the
o . ' A IO S T I TR R
' ' R T R A I R RTINS SR
. | et ot el g barther biread dhoven of
: Lot i croacd o develosment and ats
i L YR S APPR T POT) I daovery spe-
' IR - D oty of  code
. ' b e b e her o the trans-
Cooe : . ST e caed Cler ction will
. T ety ot satnad computing aetwork
o o ' O e N R URES T § S
. " IE o G teatroe data processineg are
: R o then [FRIES Certaonly tne e elopiment of
RS FRRTIEN fog Pricare 1al, s annet, student
: : o B T S PR Soehier they  wali
R [ A o whether ooy vl be arsed,
[ R R TR Lo Phe o abaned ve separate
B N ST] N : cao et sen an the context of hete-
T S Che ermnent tre aently advancoed
R AT ot T e e for aur admizoasteative
wo " ! B tate o ¢ poater on the local
Ay . S T A A o !

b S D et high capatulity micro and
Lt Lo configurations for the computing
e Procoscinag capacity and cata may both be distri-
Besteel v g a0 e owarh t the location where most effr-
Coent ) inocrder to facilitate data interchange
oo caoo vk there meght be saome central switching
ot e e pete b bt featare some form of mescage
Do b gk aode s Tt does not seen likely that the
e el oo dant the big o machine, but rather complement it
i nebweor b cnvicanment. This scheme seems to be the

Beart ot TR L Sy atenes SNetwork Architecture and is  the
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[ R Tl oo et s teany markerd the tourth
; o D i ot Pt tauetous anm and

R oyt e ol e the fifth

R aanpeater o o vaatahe o chie fooem tor under

cisb o ome e b b U it athy tape s oy

A et 0 T el b e b o broan 200000 Lo 520 000,
e teros s che o ternatically a0 woagle ser sy stem whieh

Stte i aaer ntervenuon tor some of  the more
nbea ot are Canc tieos ot the coerating sy stem on darge

I D e et o Tt gaage intepreters, aro

e e b e b e bl e ey This rermats

e dEoor the ok to 2Obk by tes ot the main memory  to
e b by annhicatian programs Fhe oyole speeds
e a s rabdly awith medhiom sized CPRUs o oof  the 1BM

T St ol the micros use some form o of BASIC
v e b prcegramming sy stem which places the
el it Ceras U e pesgramining environment,  Current
oLt ot o ater, Thiat o coware development s acceierated
' P A ER T T R O Comeere cotventonal hatch pro-
. tan RSN TR R VE S PR REE TR The price of micras
v e e ted b contine too plimmet downward  while

teonr capae oty andd wophoctication continge to expand.

IS

1]

The inrnoomipnter as typrcally marketed as oa omualti us

Lot prreeed e the 330,000 e 150,000 range. Typical
Cotitepeate b sapport from o 16 to 32 ascers on most standard
DG TG Latiginages {(partimalaryy TOBOL and

PR T ERAN Most ooy stems feature some form of supervisor
whieh amplements tash switching  and interrupt processing
wihile holding systom overhead to a minimum.  Cycle times
omany mns compare bavorably with machines in the 1BM
! 125 class.  “wearly  all major manufacturers of minicom-
prutars ofter some form of date Lase margement system and
the capabihity to attach a large number ot high performance

Ve nchester type chshe Most sy stems  are  designed  as
sophiesticated  time share ng machines  with a background
Lateh controlled Ly the supervisor. At the high end of the

wuter spectrum at s basically only this design fea-
ture that separates them from other mainframes.

fminaCe

Software Sharing

Perhaps  the most ymportant impact of networks on
admnnestrative data processing has been the realization that
sottware develonmient s the all amportant Jdimension, For
any segnificant fevel of software sharing to take place, it is

o
Sy
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o e oot this cater s gt g seqplence
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o o RERNN Yoy Dot an chaatedd and aooented

e T T L A R TR T

U i Ut e s e ey b detyne

C BRI . coot s et e ndd g aecontniting

' J L . N PP teendd o see wae

" Lo Ut St ST oansiitutions . e

N I A TRR BTy couoen a0 basic atudion

' [T et e L et hetare s

', ' I R L T A TR Lorenn by o sahieegted

. b e el b iscayered D as g Gan e ionce.,

ot : Ptratie e tems can be transportable What

e ' theee an o tatnens s the separation of mput,

it e mepeneent and reporting ta provide  the

Ce gt et Cobiardure date hase software indepen -

B et R VAR TRI T ot ting u’l\t"l'Slty to enist
L SR FUYE SRR SRSt E RURE I

: Ctaare shariog regin s the

PR S et Cotems ot e TmaenreT meadifiea

. ' T S N  RTSTR L AEN Sdoanhninoctratiean s ftware

ot i g o tades Jooot oas waith hardware,

St et e et et b g to torce the devel-

: : lec bt e Cranpy o ients A comptement, of

I NI et thee Gt sy stems sobiution. Hopefally,

. i teea U o of ddministrative sofosare n

' o e e to reflect this move

T R P T R i of developmg o reasonably

T IR S TR LN sysiem o fora majer ung-

Lot e thonsands of dollars. The

o el b saeh o aystem s hardly even more than

o s Fhe cunt of trying to himp along with an obso-

" . My e eveen more than re design Given these

Cob parneters at o e Shoausly necessary o separate the

Docbeae devel pment teatares o such a5y otem from ats

oo e g etmnteans whach hardly, of ever, change.

O e s of the  technnlogical  obsolescence
proobiem ot s e et ta be faced gs the programing lan-
Uomagority of  administrative soft
woate s e g g 0y 4 language developed tn the
: mputing techonology . The lan-
i s orented te bhateh essing, difficult to tearn and
cot partizalarly offrcient i execution. The prospect of
g medlern, nteractive . more powerful language is suf-
cent o to cnd et Srageanming managers anto a state of

b e b T e vas

ot oab fiest o gene oo
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v o Lhe cothiedens s e hawe b recaoghrze thiat
i e Coteeast e ot e it bt pastoe
P g ceeratten ot addmimnstrativ e sy stems will

ot ! e oyl b o botch languages on
' Lo et t

The Mimizomputer an Network s

Phe past enos b v ears have brought explosive growth
Tt agne Of the coenconLuter an adiministrative systems,
o ener ol the nterest e ouncomputers has been fostered

Loe e teesedonnen o T Loaoal netw ekl Obvions  carcdn -
e Ban e beanr the b e oy 0 baod store s power plant and
porint o shaop In these environments there have been signifi-

gt tinateoosl advantages tor o source pomnt data capture or
ptedaatie cotrod sy stems

fHoth b Bheary and bookstore have cost effective
et ateo o0 e wand reading used in check out and inven-
i ocach case there exists the need to commu-
G ate ot the centeal conganting facihity  to ainterface  with
oo sty succhaning system or e master data base.
In these energy conscious days  the adventages of sensor
Dasedd control and management of the heating and air condi-
Coning systems  has large monetary poyvotfs. Linking the
coabtutional test editing systems  with the pricting plant
Stfers  obyvious economies an re-drafting  and  re-proofing
pubilished tewt

In nearly  all cases, o communicatic~s link  with  the
contral focility 1s necessary in order to update a master file
i bateh maode to provide an archive or back up for local
files  and  frcguentiy to facilitate loading the files of the
mimicemputer A common operational mode is to "down load”
the files or portiens of the files from the campus facility to
the anmicomputer. At night, the minicomputer spocls its
transactions to the campus factity where the master data
ase 1 updated to reflect the day’s transactions. This
process 1, cepeated on a daily basis. The minicomputer is
used 1n something approaching a real time control environ-
ment Scheduled applications programs are rui. against the
master data base on the campus facility

In these emvironments the minicomputer is usually con-
trofled by an operating system, supp rting eight to 32 ter-

min. bs,  printers, wand readers, etc. The data base
managoment  system on  the minicomputer is likely to be
chitters st fr that used for the master data base on the
Campis faciio . The minie “puter is not used to snlve the

LY
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' T R S R RN AT PN STU = e tare bt
‘ C o Coloahs g b el e th gl
ol ey | oy, ot the vy hicatiens the mpn
' ot Pt e e s oy emibler o
: vy [P R TS R R N L K TN C RS §|
. oy b e el gt

T ol U i te o thi By e et g e

. coeeer b e e b can b enentead L e oo dp
vooahny Dvaney thee 1ol It s easy  to cosion g
it eachn wdimims trative oifioe han g the
i fal Yot et b, s and coammunicating with the
T ' b [T e oatheare e et s

RS ! et thh e ceranment o here an
S lata b management oy stems, de, o support,
B aree eocareed and sabyect bt trequen:t hanoe.  We
i e Ceomee mov e toward the devell caent of real
ot e eertse an the staffs of  the admimistrative
pete . Fochabidy . the mimmcomputer faciity will be
ot by derenddently, of the central Catpous factl-

Fhe Bole of the Microcomputer

e the T goat mmpact on adminis g el e
RN v st decade vl come fran - LreLhifer-
atiene ot the abhrtaas annere anto the local and estramural
ety ol e Dbty that the majority of terminals being
gl latte a0 s ocompater base, I'he step from
Prromaase G Lot i ot soosimple cnough techy g -
ol Fhe st 0 vdors is o when will the -
dareer st b C S er Tsmart” terminal to the
o bhie T S daging  com the phenomonal
[ U £ PTE TN, b v Apple. the time is now.

Thoe e coaes adecel of sophistication on
Shee soart b the Cesceeds thit Caerently required of
oo earminal craeratars whether the tUieoshold to reach
o e tan hiagh s currently being vicersusly debated.

ooy defined operatione the micro con be Cdown

L neroa comimute ctions channel and supported with a
vt Daiict-oroct U oman machine dialogue.  In cose
RTINS narrow deiantion o possible the me s
rebeandy ot edtectiv e of only  measnared an terms or the
oot rereacen tron the Targe central tacality . 1t has the

addtioian wd o antage of nat putting the shoie system out of

AT IR TR APEY FUE SN SRR AN
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Vo suoamitieant adsanilas o the i cooover terminal
B the e g capsbde o prerforming

AT Ry Vel
v grammnnng tanks Simpide. bt el designed, file
P, ferea Ut atind ot it i hify by orders
Vot e e Sheatodity e g etadne s ef the mioen, In
ey wooa by e the ioabalitees of a
e are bt ted wWheno the aser has o
. Dt c b tatien ity annp e matter £ addmual-
: bt o oandetu s anecial gt pads oo hostoof
e egpebaee and Hsbot Saving devices. We exp t o see

SNy o e sor tasend o workstations  commonplace 1.0 proi2s-
Statisticne,  architects.  ote. The

Sl e ey,
s ter it s gt hardhware tff‘SI(}H(‘I‘S
s s by et e whothor the ttaguitous poorno enters

Mot networks  as programmable  or an exc caonally
Slicatien-omented teprminal device.

The woecral purpes® micpro s the heart of word pro
e ciopment oW ”*—“Jdmg the market.  Nany users
dare o enineg, much oo the cnugring, that their appetite

Tl e o enang GUIChy epncompasses the need o access

o e Bilen 4 Canacity not aveabable on the stan-
ek gt pmee sty o S tems now on the market. It s
AUt te pabe o Cane tGpe acquimimeg any micro- based

b e eqmpment whieh s ot gser programmable and

does nat support o communications cnterface.
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't . only tool you have is . {mmer,
, oo to see every problem ag 4 opaill”
Abrabam Masiow

Administrative Fntropy

Abcut the tarn ot the contiury o very Slevep Engliah
. . i .
Dty et Olerk Shoawell, sugaested a way Deat the Sec-

The Secon i 4w Khas to do
) T
the measare of the unavailability of (gefyl

b b ot Thermody namics .

system and s increase with time \when the
Ut tend for atself. Maswell said i Sffact
ERITIN a very Bherval paraphrease)r Imagme s Domon, a
Lanial Uovery antelligent creature who can See mglacyules.
oy oargthe the Demos as the cystodian of @ Jate between

twa contatners of gas at equal temperature and siessyre,
By careful apening and closing of the gate the Demon allows
the faster molecules to move to one contaiNer', the slower
rcdecben Lo the cther Oy er time, one centamer G.ots hot-
torand the other cooler,  thias mcreasing  the  Guailable
chergy an the  system as  omes.ored by the temperature

Muoch o this chapter appeared in B Cl Heterick,
CAdministrative support Services, CAU‘SE/L:V‘(ECT’ Novern-

bor 1951, pp. 28-32.
Qnr
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T E T B AT v the ta conitaners . This tncrease n

s ¥ bbby dding no e energ Lo the

et other thane caar samart Deman) and we have oir
T Y P ao b g

Lo e thiat e repeeal the Scecondh Lo
oo S bt owe b beebien e e can utihize teah-
Gy an anr dhemon andd more ettectively tap the latent
crery o o anstitateonal sy stem. [t seems that uni
e aties e e tor the antroduction of a demon of therr
o anto tnert manacement phiosophy and structure. It s
e antent o of thio section to sugagest owhat form such a
o Bt tab e annd Bt weouldd oot admuistration an

[hene «omments are precdicated upon two major obser-
Gt eardieag s the clgnate for bigher education betweenn

C e arod e tarn of the coptury . First, we can observe a
Socdanged perod s ot reduced Federal,  State and perhaps
cven patins fiencal support for higher education. This
Gt eall for ety exacerbated by continuing double
o e S o leges and unmiversities will
Do e e i St e coaestruction witl be inereas-
thg by chirtioait secure arnd o phyacal plant maintenance,
ot nbarly tor older Gt res, promises to be exorbitant.

The bty of imstitutions to react to new educational
covace opoortumities will b significantly attenuated.  Such
P lws of tlesatabity  will e particularly  pronounced and
Cotentially devastating for many institutions.  The dynamics

d hogher cducatian are moving inexorat:ly awav from inten-
oL e dent o mstruction,  partially due to e sme eco-
Soanie conaderations ampacting our public as well  as

nrraelves

As o we ancreasingly  corew entire states and even larger
Seceranhic areas as our constituency and perceive the need

too Soneg oo aducational espertise to the people, the cost of
donng g0 weems o be ancreasing exponentially. More and

more the unnversity will oo, mightfully, viewed as a network
geographically  dispersed and  increasingly reliant upon

~ifoctive admumstrative and  public communications. This
Lrings us to the wecond major observation.  Institutions are
Sevccnnng noticeably  mare information intensive. Our role
has always been to discover, develop and dissemimate infor-
mation Hut our anternal operations have nev.: been so
denendent upon effect. o information purveying as they are
v, et ereasing: o e As the institution grows in

Complosity . as 1t contiones to reach out geographically, as
+

s nvolvements o sponsored research and public service
raach  boigher levels of activity, the demand fur prompt,

Qo
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R P ey " are b ot cont ettentiv e e

. ‘! [ CGrate e e bre s oy o
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Dtenaiy e b teative steucture could be developed.

Sddimimstrative Structure
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A seration of ntormation that s the very life blood of
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acprosmately 100 square feet of Joor space,  then another

2ot sqriare feet of cpace s availabile for expansion.  We
will ot additional examples, but the potential for inprov-
vy o nternal communteations, ancreasing onr o effective-
IR andcanteathng adminstrative  costs s trily
N tieant

e owonld have to confess that the foregoing examples,

aocd o Witerally  hondreds of  others we  might mention, are
rathier pedestrian. Let us consider several examples that
e the potential of changing sigmiiicantly our operationai
Bttt Proper appheation of technology, as we said ear-
P el ot ondy changs how we do things bLut also what
Wb tore a o sienple Tthough not anexpens ve) matter to
Orovade ihrary searches trom a faculty member’'s desk or a
ctudent’s  doroitory  room, Combinaed  with  an  effective

Lebivery sy stem the vehicular and pedestrian traffic pat-
terns and woace utilization aspects of the campus could be
srsntticantly changed.  Even more radical changes are pos-
abte b e comemplate the prospect of placing the contents
4 ook s and seriais o anomachine readable format,  On many
caripuses the taculty have slready begun making their lec-

}

Ve petes avoiiable to the student via computer text files.

ivory parting space {(say around the library or the
commiting centar) requires approxmmately 100 square feet.
wWhen tsers canoaceess the services of the hibrary, or what
Jave o yor, withont the necessity to physically travel to and
caarh there velnele, tens to hundreds of thousands of prime,
conteal nonare fert of space on campus can easily be freed
tot to mention recapturing  the personnel time lost in

sty publications cauld he  taken divectly  from
tent eotey G the final primt o shop prodoction electronically .

Loothe perientage ot copying of computer ontput grows {(by

S end sk dec e it sl represeet 200 of total copy-
el il be necessary to connect the copy centers to the
compaatingg center. A large volume of the graphics cur-

rently bemeg preodaced on camnas comes from the computer.
It 1s possible to produce shides directly from the computer.
In fact the bHulk of commercial illustration (nearly all TV

commererals tor instance) are produced by computer. Dur-
s the nest ten years mast illustrative work on campus will
switch to being computer generated.  The integration of the

comprter. television and the learnimg resources center is an
atapped potential on most campuses,

[ he theme of this section is information technology and

admimistrative support services. We  feel, quite strongly,
that the future of higher education is intimately intertwined

9
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Lie processing logic. If thes is to be aczomplished it means
that the nest generation aof administeative software systems
will need to be conceptually re-designed as well as re-pro-
Grammed.  The burden of this eftort will need to be rhared
mach more equally between the Information Systems group
and the Liser Departments than hes been the case in the

past Controthing  this  dynamic environment  will  require
re-think g the role of the central campus facility as well,
there will need to be significant charges in management
ctrncture,  operations  procedures,  network  design and
intraanstitutional communicatinn processes. We intend to
make this artntrary separation of topics for further discus-

oL 1t shoold Lo bhorne anomind howeser, that they are
Oosart and parcel of o comprehensive. integrated develop-
drent for the future.

o

W helieve the next ten years will see a major restruc-
tirrineg of the orgamzational chart of many institutions of
Fooher edacatinn,  As anstitutions begim to recognize thetr
reasing dependency  on o computer  related  activities  for
e day to cay operation, and as the identifiable comput-
G related share of the bLudget exceeds ten percent, the
orecsure for a more conststent, global view of computing
will bhecome nsistent. We sen two possible scenarios as the
mest preohable organizational response,

ihe first scenario, and we think least likely, presumes
the widespread acceptance of microcomputer by users and
taer willingness to develop a reasonably strong capacity to

dse and program  them. it doers not seem unreasonable to
cvpoct JONOK andd up maimn storages and cycle times of 100
tanosecends o the nexst two generations of micros.  Should

the nner communmity decide ta move o this direction it s
Losical te predhict the reduced mmpact of the central facihity
e user processes and the consequent attenuation of  the
oportance of  computing centers an the g;mwral scheme of
schrcational mnstitution management structures. In such an
covronment we can expect to see the Information Svstems
group assame an operational role much on the lines of most
ather admimstrative departments the campus print shop or
sower plant might be good comparisons.  In this event we
would  expect to see the computing operation under an
Nclnunistrative Vice President at a reporting fevel such as
Banldings and Grounds,  Central Stores, the Print Shop,
~te.

Far more hikely, at least for the next decade or two,
will be the desire of top menagement to centralize, focus
onoand attempt te captabize on, information related activi-
ties across the entire specttum of the educational institu-
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t such an envir siment wee would expoct to o see the
ar et and consol tton of infarmation retated activi-
Loeseetting an o rec-abgnment of vice presidencies and the

citcation ol g Nace Presidency for Information Systems.  The

reoabignment e think miost bk ely will e olve:

Coomputing Conter

[aibrary

Learning Resources Center
Print Shop

Copy Conter

N

Vol oom
Pedecomimunncations Caentep
Geaphoo s and e granhies
Contralized Word Processing
Archival Recards

Suchoa o group hikely aceounts for 10-209 of -the institu-
tonal maintenance and operations budget.  With the eXpo-
netitial grovth of the use of information technologies this
tatee Cdepending,  of  course, on accounting procedures)
can be oxpected to donbile in the next 20-year period.

VWith rither scenario, we expect to cee greater user
autonomy  and andependence, I'he usar will insist upon his
computing Heing done oan environmant paralleling the way
he uses the telephone network.  He will also insist upon the
same devel of transparency as o how his processing is
actially eftected. The demmse of mass transit systems in
favor of the porsanal automabile was heralded by the advent
of the highway network.  Computer communication networks
are bbb ely to have the same impact on user preferences as
to the atyle of and environment o which he does his pro-
cesting.

The uapact of either scenario on the computing opera-
Uonoas oact hibely te be so pronounced. The need to oper-
ate o centeal computing facility wall continue, although we
expect to see many, of not all, of the labor intensive
mpnt outpat operations move out of the central facility and

mmto uaer offices. Corrospondingly, we expect to see a
much expanded role for the user services division of {he
computing operation. At the same time will come a much
stronger foous on o maintenance and other field service opet-
ations. Atuch of this new emphasis will be directed toward
the teleprocessing and network aspects of the computer
operation.  The software developmment arm of the information
systems  group  will become more involved in developing

broadly used software products as opposed to the current,
more specific, focus on developing a “total system for a

]
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given  user  office. A riuch more cquitable ba'inze  of

hardware and software talent car e expe:ted to emerge in
all computer facility ¢eoaps.

Computer Operations

The future should bring major changes in computer

aperations.  We expect to see the central ~~mputing facility
move rapidly toward becoming the "BIS SWITCH™ in the
campus nformation  aystems network. More and more the
computing center will serve a facilitating role, less and less
4 computineg resource role. The predominant toad on the

contral system car be expected to be network control, data
storage and switching.

The central facility will become only one node in  net-
work of information processing facilities. It will feature
thase very large, highly shared resources which would not
e cost effective if net shared among a large number of
uscers.  Ihe central facibty will contain iarge mass stores
(over one trillion bits) which will be used as medium term
(2 weeks to 2 years) archives and as backup for a whole
host of software and data distributed through the network.
In the near term, it will provide large scale (20,000 Ipm)
laser printing, altliough we would expect this activity to be
assumed by the campus print or copy shops over the longer
Cun . In the shorter run, we would also expect to see the
central facility deve'np some in-house micrographic capabil-
ity if 1t does not already have i*.

The computer resource that will need to be supplied
Ly the contral facihity will be high speed "number crunch-
ing. Campuses without a heavy research orientation may
find 1t cost offective to acquire this service, on those occa-
sions when 1t is needed, from some external supplier. Lven
when the campus facility supplies this service thiere will be
need for expanded hnkages from the central system to cut-
side computing soturces. It should be possible for any on-
campus uscr to connect to the central system, and through
1t to effect a high speed connection (50 KB or higher) to
some other computer system not located on the campus.

A= the central facility moves into this "BIG SWITCH"
mode 1t will be necessary to develop much higher volume
communication channels than are now the norm. This s
particularly evident if the central facility is to serve as a
repository for large data bases and =s a short to medium
term archive for decentralized dJdata bases and software
systems. With presently foreseeable technology and costs

i
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this will resuire wirimg the compus  with  coaxial cables,

Stuchoan eoffort will be expensive but have major payoffs to
the nbormation systems network. 1L will permit transmis-
Sreny oot aphics . televicrn images and electranie documents

asooweed as compater data,

Phe operatton of the centeal facility will become more

atd more ke the operation of a large »ower utility.  The
concernowall not be waith siecific users or specific tasks but
rather with total Toad and total demand.  The Computing
Conter will not ondy ran user jJons but, n fact, wili not
even be aware of what s running on the svatem.  Just as
e o combany sesn a0 bome not as a4 collection of appli-
acces and thon nues But rather as oa conasumer of ampores,

sivalsa the computer contor of cycles, memory and storage.
Compater cporations will changn from ranagement  of
computor work to management of flew.

Admrastcatove Systems

oo Bae b thae iy neaities need te sen Lhege
Pttt e e e ittt sy orar ey are L and
o e o Lo et e e anzations s that c hoang-
er bt b s By e sy
I ' cot e U At st e g heye
S . Loty o [ ) troat the b Daieal
L Do e b . S R N A MR R T
N R A R AR o b e todd
’ - i o ' coet Fovnts ;‘uir\'.syw"
: t ‘ ' LA ! rog . B t ,‘4'."“ ’: l\f\‘! “r ' noTn
. - D e e T TN
' ' Vot o T b t
Co R Dor oo e et the

i ' t IR T S R DPE yothL tocigy et foami ey,

Voth et an A ok dean this section waill olabiorate on
B the lmimcstrative processoes thamuelyss are b ely  te
chatige Wo o assume that there will be greater Tconnectiv -
ity o throagt the mmplementation of local networking and At
there widl be gquicker commumcations due to the conpe ¢ . -
ity . The first impact, we belicve, will come in the substi-
tution ot paper tlow by electronic document flow.  Systems
will have to Le designed that not anly capture the contents
of the document presently in use but also capture its flow
throuagh the organization. Just as mrst offices time-stamp
Al tncoming mail, so also most electronic transactions will be
time-stamped 1n order to provide a bettor tracking mechan-
ism. Further, independent of the data contents, there will
of necessity be a complete and independent audit trail so
that actions by the system can be verified, audited and

1959
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reconstructed f necessary . Ttowill he necessary for soft-
ware sy stems Lo be able to reconstruct a Tdata picture” and
a4 transaction flow ot ary poimnt o the past. Complementing

the abality to o to any point n the past, ot will be neces-
Gary  tor o software <o

stems to be predictive so as to be able
to Genorate o Cdata pacture” foroany time in the future.

At the present time, the major obstacle to a complete
replacement of paper Jdocuments by electronic means is the

necessity presently  placed on o signatures. I'he signature
was designed es a omeans for substantiating written docu-
ments, fts use 1n the electronic age is very limited.  The

viectrenie sognatiare vertbication machime,  we belicve, 1s not
the correct approach  te vabidating electronic documents.
This simply  tanes a method of verification from an older
technology (paper) and tries to force it to work in a newer
technology - Fortunately, the signature barrier is breaking
down. Stock  market orders are executed by telephone

calls.  Satary checks have comnuter printed signatures and,

clectrone fund transfers have no signatures at all a see”
et password s dll that is used.  Institutions will have to
accept  alternate means of  satisfying  audit requirements.
Signatures  on documents  can no  longer survive as  the
accepted megns for verification as the originating documents

themselves are heing elumnated,

It 1s obvious that means of input mto the computer

tem are chanagingg., Cards gave way to optical forms
wind hoan turn are bheing replaced by terminals.  The output
Srde s pow ready for some dramatic change.  As memory

devices  goet o osmaller and smaller and  as more and more
indivicdinals acquire personal computers it is verv likely that
cach one of na sl carey with us a memory bank, perhaps
the size of o crodit card which will plag anto the various
computer autlots far the computing of data specific to us.
Phis memary  bank will then be taben to our home devices
for autputs analysis or review. Take a specific example.
The aneversity distributes varions documents such as class
tickets, grade reports, etc. by printing and mailing the
documents.  We will call this an Tactive distribution” mode.
As mare and more mdividials have their own devices and
can  carry around small memory banks that plug into
computer sutlets, the mode of distribution will become “pas-
sive distmibution.”  OJnoa certain date the university will
make avadable the grades or class tickets. Students will
eithor use their credit card size memory banks with the
computer outlets to capture their data or smmply dial into
the computer syslem and get it onhine. A clear shift will
take place in the responsioility for distribution. At present
the Universily sends out the documents, in the future the
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rorination it baomade availlable and the users (students,
trculty) will have te ceess ot of and when they need it.

A widnapread use of this conaept of information distri-
Hutvon will recanre a change i one treatment of security.
Secarty systems waill hove o be modifind dramatically . At
present due ta o the fact that only a hmited { number  of
inchividuals have dinest access to computerized data, secur-

1y measures can be placed  at a task  level. That s,
mdividuals . for example, may be pormitted to work with
personnel data Lut not, say, with student data.  However,

as everybody begins to have access to the data bases it will

be necossaey ta orovidde wocurity not anly on the tasks that
anoandividaal v permitted to perform but alse on the subset
of data that the ndividual as  permitted to review and

mocify Thus an ndividual may be permitted to access
personnel data and not stodent data implying task secur-
Ity Further, the same individual may be limited to looking

AU persennel data that belongs  only  to his  department.
Thus the security is further subdivided within the task and
15 determined  not by the Tuncuon beimng periormed by

rather by the data beang accessed.  This level of security,
of course. is much harder to implement than the previous
level.,  Newer systems will have to b developed to handle

the new requirements for secuarity.
i

The cancept of passive distribution of nformation can
be extended a Nittle farther to suggest that we are heading
towards o cottage industry of data processing professions.

Examine the Lihrarsy. In a rescarch library and in most
mstitutional libraries over 00 of the colicction is never
rnedd o Another 200 05 used only once.  This clearly leads
s to desire a system inowhich a text is published only
when ot s first reguired. IThe term far this concept is
Tancdemand peinting. T At feast for modern publications we
are not oo faroaway from on demand publishing.  Books
and magazine articles are written on word processing ecguip-
ment and hence are in machine readable form. There s
nothing that prevents us  from siunply  keeping it in  that
form tidl we realize the first request for that material. At
that time  the user can  request the material aither in
machine readable  form or  in printed  form. If it s
requested in printed form the library simply prints a copy
and gives 1t to the user. One may cven debate the merits
of regqurring the user to bring the material. If the user is

not required to bring the material back, then the distinc-
tion between the hbrary and the bookstore begins to get
very  bHlurred. In any case such a distribution scheme
places the present role of the publisher in jeopardy. Per-
haps the publishers will become more tike reccord companies.
wWe will just have to wait and see.
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I any case, st will be possible one way or another to
Bhave docuament debvery systems that are based prmarily on
oloctronie media. If documents can be dehvered electron:-
caily then why o tor mstance. do typists Tnot secretaries)
abd data mput operators have to come toowork at all. From
the convenicncns of  thorr home they can do  the desired
vk The home also bhecomes the place of work, making
turther use of the physical plant that s already  there.
Ihe same reasonimmag can be extended for systems program-
mers and application programmers and others who contribute
services that ultunately result i chranging the contents of
computer data banks.  This cottage industry resulting from
workanig oan the home has an added advantage - commuting
wiil e penlaced by telecommuting, saving time and energy.

The concept of distributing work and fragmenting the
work enviconment Ly not only permitting but requiring cer-
ot i ihinals to work frem their homes fits well with the
idea of A gengraphically  dispersed  university. Once we
Legim o distemibute the daily work through the use of tele-
DrOCessSg . dn mportant communications barrier is broken.
Prior to the invention of the telephone, instant (meaning
without delay) communication was possible only when people
got together.  The telephone very successfully broke the
spatial barrier.  However, as evidenced by ringing phones
and busy signals, the temporal barrier stll exists. Tele-
commuting or the use of computer and communications
sermits us  to ehiminate ot only the spatial but also the
tomporal  requrement  for  instant  communications. This
apens upoa new degree of freedom and its impact will soon
bhe folt,

Clearly many things are possible. How desirable these
posabihities are to health and well hema of our institutions
s a matter that our admimnisteators will he called upon to
address andh soon. ihe course they chart will, in the
Lang run, deternmne the course of society atself. Higher
clcation must o continue  to mamtan the role of thinkers,
experimenters and imnovators.,



